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ABSTRACT
Foraging ecology of oldsquaws (Clangula hyemalis L.) was studied on 
the Arctic Coastal Plain, Alaska, from June to September 1979-1980.
Upon arrival, oldsquaws selected open-water moats of lakes without fish; 
midge larvae accounted for 97% of the diet. Breeding pairs dispersed to 
small ponds and fed primarily on stonefly nymphs. Crustaceans were the 
most important prey for breeding, nonbreeding, and postbreeding birds in 
mid-summer. During the late summer molt, oldsquaws using lakes devoid 
of fish fed on crustaceans whereas birds from lakes with least cisco 
(Coregonus sardinella) utilized midge larvae and fingernail clams. Mean 
esophageal fullness and foraging efficiency differed significantly among 
wetland types and samplinq periods. Diving accounted for 84% of all 
feeding observations. Food preference appeared to be related to 
increased prey abundance and/or prey size. Oldsquaws apparently meet 
the increased energetic and nutritional requirements of reproduction and 
molt by selecting a diversity of invertebrate foods.
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INTRODUCTION
Food may be the most important ultimate factor regulating the 
reproductive cycle of birds (Marshall 1961, Lack 1968, Immelmann 1971). 
Timing of breeding in most species has evolved to coincide with the 
maximum availability of food for laying females or young. Food 
abundance may also act as a proximate stimulus to breeding. Because egg 
production costs are greater for anseriforms than for either galliforms 
or passeriforms (King 1973, Ricklefs 1974), knowledge of food habits and 
the nutritional demands associated with reproduction are especially 
important.
Aquatic invertebrates contain highly digestible sources of protein 
and energy (Cummins and Wuycheck 1971, Sugden 1973, Krapu and Swanson 
1975, Reinecke 1977, Driver 1981), and predominate in the diet of female 
dabbling ducks prior to and during egg laying (Krapu 1974, Swanson et 
al. 1974, 1979, Serie and Swanson 1976, Drobney 1977, Reinecke 1977).
The availability of aquatic invertebrates during the breeding season may 
influence clutch size (Holm and Scott 1954, Bengtson 1971b, Krapu and 
Swanson 1975, Reinecke and Owen 1980), initial laying date (Krapu 1974, 
Sjoberg and Danell 1982) and survival of ducklings (Holm and Scott 195*, 
Sugden 1973, Krapu and Swanson 1977, Reinecke 1979). Food selection by 
waterfowl is dependent upon the birds' physiological condition, specific 
morphology, and the availability of different food items. Differences 
in selection of aauatic invertebrates by males and females during the 
breeding season have been described for pintails (Anas acuta) (Krapu 
1974), black ducks (Anas rubripes) (Reinecke and Owen 198D), wood ducks
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(Aix sponsa) (Drobnev and Fredrickson 1979), blue-winged teals (Anas 
discors) (Swanson et al. 1974) and several species of diving ducks 
(Bartonek and Hickey 1969, Bengtson 1971a). Bill shape and lamellae 
spacing (Goodman and Fisher 1962), and physiological restrictions such 
as diving ability (Bengtson 1971a, Nilsson 1972) influence diet. 
Availabilities of foods are determined by their abundance, distribution, 
mobility and conspicuousness (Dirschl 1969).
Availability of food, structural and functional characteristics of 
the species, protection against predators and adverse weather conditions 
were defined by Hilden (1964, 1965) as ultimate factors resulting in 
habitat selection by birds. Landscape topography, specific sites used 
for various activities (preening, loafing, etc.), and the presence of 
other animals may act as proximate factors that affect habitat selection 
(Hilden 1964, 1965). Partitioning of food and habitat resources among 
species has been documented for waterfowl (Bartonek and Hickey 1969, 
Bengtson 1971a, Nilsson 1972, Stott and Olson 1973, Nudds 1983, Allouche 
and Tamisier 1984). Diet overlap between fish and waterfowl (Peterson 
and Ellarson 1977) and competition between fish and waterfowl (Pehrsson 
1973, Ericksson 1979, Eadie and Keast 1982) may influence regional 
distribution and habitat selection of breeding and wintering birds. 
Ericksson (1979) suggested that common goldeneyes (Bucephala clangula) 
selected lakes without fish because of the higher availability of foods. 
The common use of an anostracan (Pol.yartemia forcipata) by fish and 
oldsquaws has reduced the available breeding habitat and population of 
the latter species in northern Scandanavia (Pehrsson 1973). Adult 
oldsquaws and broods avoided lakes containing fish; duckling use of
16
nonfish lakes which contained high numbers of Polyartemia was 
significant (Pehrsson 1973).
Oldsquaws nest in tundra or scrub uplands throughout the arctic and 
subarctic regions of Eurasia, North America, Greenland and Iceland. The 
principal nesting areas in Alaska include the Yukon-Kuskokwim Delta and 
Seward Penninsula along the western coast and the Arctic Coastal Plain 
(King and Lensink 1971). The Arctic Coastal Plain physiographic 
province (Payne et al. 1951) is that portion of Alaska's Arctic Slope 
extending south from the Arctic Ocean to a maximum elevation of 183 m; 
it is characterized by low local and regional relief, permafrost, tundra 
vegetation, and extensive wetlands in the form of meadows, ponds, lakes 
and fluvial systems (Sellmann et al. 1975). Approximately 125,000 
oldsquaws (0.5 birds/km ) nest on the Coastal Plain (King and Lensink 
1971). In a more recent survey of the Arctic Coastal Plain, oldsquaws 
were the most numerous duck species; average density for June, July and 
August was 1.4 birds/km (King 1978). During July and August, 
postbreeding males and nonbreeders of both sexes congregate on large 
inland thaw lakes and protected Beaufort Sea lagoons to molt (Bergman et 
al. 1977, Derksen et al. 1981, Johnson and Richardson 1982).
Molting oldsquaws select large coastal lakes near Teshekpuk Lake, 
Alaska, during late summer; some lakes which do not freeze solid contain 
over-wintering populations of least cisco. Forty-three percent of 
Arctic Coastal Plain lakes contain fish other than stickleback 
(Pungitius pungitius) with least cisco being the most widely distributed 
and abundant species (Hablett 1979). The degree of prey overlap between
17
oldsquaws and least cisco (Taylor unpublished data) and whether one 
species affects the distribution of the other are previously unknown.
Foods of wintering oldsquaws have been studied at Lake Michigan 
(Rossback 1942, Lagler and Wienert 1948, Zimmerman 1953, Ellarson 1956, 
Rofritz 1972, 1977, Peterson and Ellarson 1977); epibenthic amphipods 
(Ellarson 1956, Peterson and Ellarson 1977) and infaunal oligochaetes 
(Rofritz 1977) were common prey. Oldsquaw diet was examined along the 
New England coastline (Mackay 1892, McGilvrey 1967, Stott and Olson
1973) where the northern lacuna periwinkle (Lacuna vincta) comprised 
greater than 50% of the foods eaten (Stott and Olson 1973). Sanger and 
Jones (1984) studied feeding ecology of oldsquaws and white-winged 
scoters (Melanitta fusca deglandi) at Kachemak Bay, Alaska. On the 
Fraser River Delta, British Columbia, populations and food habits of 
oldsquaws were examined (Vermeer and Levings 1977). Nilsson (1969, 
1970, 1972) examined distribution, habitat selection and food 
preferences of oldsquaws wintering on coastal waters of south Sweden. 
Blue mussels (Mytilus edulis) were the most important prey species of 
oldsquaws along the coastline of Sweden (Nilsson 1972) and Denmark 
(Madsen 1954). Johnson (1982) found that nonbreeding and molting 
oldsquaws along a Beaufort Sea coastal lagoon fed mainly on m.vsids, 
amphipods and bivalves. Oldsquaws collected from Lake Myvatn, Iceland, 
fed predominantly on chironomid (midge) larvae (Bengtson 1971a) although 
benthic cladocerans were historically the preferred prey (Gardarsson
1979). The influence of fish on habitat selection and foods of oldsquaw 
adults and ducklings in northern Sweden was studied by Pehrsson (1973,
18
1974). Allison (1975, 1976) reported on the breeding biology, behavior 
and habitat selection of oldsquaws but did not investigate foods.
Knowledge of the importance of Arctic Coastal Plain freshwater 
wetlands to breeding and molting oldsquaws is limited to aerial surveys 
(King and Lensink 1971, King 1978), habitat studies (Bergman et al.
1977, Derksen et a l . 1981) and the food samples from 5 individuals 
(Howard 1974). Virtually nothing is known about diets of breeding and 
molting birds, foraging behavior, or distribution of food resources. 
Wetlands surrounding Teshekpuk lake have been identified as critical 
molting habitat for geese (King 1970, Derksen et al. 1979b) but the 
importance of these lakes to molting oldsquaws has not been 
investigated. Because of the potential importance of nutrition to ducks 
during the breeding (Krapu 1974, Drobney and Fredrickson 1977, Reinecke 
1977) and postbreeding (Bergman 1973, Krapu and Swanson 1978, Petersen 
1981, DuBowy 1985) periods, I studied the foraging ecology of oldsquaws 
using the Arctic Coastal Plain during those times. Specific objectives 
of the study were to:
1) determine the diet of breeding and molting oldsquaws and describe 
their foraging behavior;
?.) examine the distribution and abundance of food resources at oldsquaw 
feeding sites;
3) describe food preferences based on numbers and biomass of prey.
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STUDY AREA
The West Long Lake study area (70°40' N, 152°48' W) was located in 
the National Petroleum Reserve of Alaska (NPR-A) 25 km south of the 
Beaufort Sea coast and 160 km east of Barrow (Figure 1). The study site 
was selected because it complimented previous research addressing avian 
use of wetland habitats and it was known to be important for oldsquaws 
(Derksen et al. 1979a, 1981, Derksen and Eldridge 1980).
The 94,697 km NPR-A encompasses the northeast and north central 
portion of Alaska's Arctic Coastal Plain. It is characterized by 
permafrost (Wahrhaftig 1965), tundra vegetation (Britton 1957, Spetzman 
1959), ice wedge polyqons (Black 1964, Spetzman 1959, Wahrhaftig 1965) 
and poorly drained soils (Wahrhaftig 1965). The entire coastal plain is 
underlain by marine silts, sands and gravels of the Pleistocene Gubik 
Formation (Payne et a l . 1951, Black 1964) although surficial deposits 
vary. Beach deposits and marine sands lie along the northern shore of 
Teshekpuk Lake; marine silt comprises the remaining portion north and
northeast to Cape Halkett (Williams et al. 1978). Approximately 50% of
;?
the Arctic Coastal Plain or about 23,000 km in NPR-A is covered by 
lakes and marshes (Hussey and Michelson 1966).
The study site is located in the western section of the Arctic 
Coastal Plain; this region is characterized by large, subeliptical to 
subrectangular thaw lakes which are oriented 10-15° west of true north 
(Black and Barksdale 1949, Livingston et al. 1958, Carson and Hussey 
196D, 1962, Sellmann et al. 1975). Drainage, shoreline erosion, and 
change in lake shape were studied by Weller and Derksen (1979). Most
Figure 1. Location of the West Long Lake study area. Boundary of the National 
Petroleum Reserve - Alaska (NPR-A) is identified by the hatched line. Additional 
oldsquaws were collected from inland wetlands near the northwest boundary of 
NPR-A at Icy Cape, Alaska. roo
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lakes in the Barrow area are about 1 km in length although some measure 
up to 14.5 km; average depth of larger basins is 1-2 m (Carson and 
Hussey 1962). Brewer (1958) reported that lakes greater than 2 m deep 
do not freeze sol id.
Lakes and ponds were classified for this study using a system 
developed by Bergman et al. (1977). The system incorporates emergent 
vegetation, water depth, basin geomorphology, and water chemistry. 
Flooded Tundra (Class I) wetlands are temporary pools formed during the 
spring when melt water overflows stream channels or is trapped in 
vegetated tundra depressions. In June, water depths rarely exceed 10 cm 
and by August surface water is absent or only a few centimeters deep. 
Basin depths are poorly defined because Carex aquatilus, Eriophorum 
angustifolium and other plants are tolerant of periodic flooding and may 
cover all or most of the basin. Shal1ow-Carex (Class II) wetlands are 
characterized by a gently sloping shore zone surrounded by, and usually 
containing, emergent Carex aquatilus with an open central zone. Water 
depths in June range from 10-30 cm but decline by August due to 
evaporation and drainage. Shallow-Arctophila (Class III) ponds range 
from 20-50 cm deep and contain Arctophila fulva in the central zone. 
Shoreward stands may contain Arctophila fulva and/or Carex aquatilus. 
Deep-Arctophila (Class IV) wetlands are large ponds or lakes without 
emergent macrophytes in the central zone; stands of Arctophila fulva are 
found only near shore.
Deep-open lakes (Class V) are characterized by abrupt shores, 
sublittoral shelves, and a deep central zone. Basin-complex (Class VI) 
wetlands are large, partially drained basins that may contain any of the
22
other wetland types. Although parts of the study area were contained 
within a Basin-complex, wetlands within this basin were individually 
classified to more accurately determine habitat use by oldsquaws.
p
Although the 78 km (7800 ha) study area contained all wetland 
classes, Deep-open lakes (Class V) comprised 47.5% of the total area 
(Figure 2). Molt Lake (length: 2.1 km; surface area: 243 ha), Drop
Lake (length: 1.3 km; surface area: 53 ha), and Caribou Lake (length:
1.1 km; surface area: 85 ha) were small, relatively shallow (maximum
depth 82 cm), and did not contain least cisco. These lakes were thus 
classified as Deep-open Nonfish lakes. Lakes which contained least 
cisco were defined as Deep-open Fish lakes (maximum depth: 276 cm).
Goose Lake (length: 5.8 km; surface area: 1226 ha), Goose Lake Head
(length: 2.4 km; surface area: 293 ha), and West Long Lake (length:
7.2 km; surface area: 1709 ha) were in this latter category.
The narrow isthmus of water which connects Goose Lake Head and 
Goose Lake was named Goose Lake Neck. Because this channel was shallow 
(maximum water depth 78 cm) and contained dense stands of Arctophila 
fulva in both the shoreward and central zone, it was classified as a 
Shallow-Arctophila (Class III) wetland.
Derksen et al. (1981) reported a mean minimum and maximum daily air 
temperature of 1.2° and 10.3°C, respectively, at the study area for the 
period of 4 June to 13 August 1978. At Lonely Distant Early Warning 
(DEW) site, summer winds are usually east or northeast and range from 0
to 24 km/hr (Wise et al. 1977). The thaw season, which begins when the
mean ambient temperature for five consecutive days remains above 
freezing and ends when five consecutive days remain below freezing,
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Figure 2. Wetland composition of West Long Lake study area. Goose Lake,
Goose Lake Head, and West Long Lake are defined as Deep-open Fish Lakes.
Arrow symbol between West Long Lake and Goose Lake indicates these wetlands 
are no longer separated by the narrow isthmus of land as shown. Molt, Drop, 
and Caribou Lakes did not contain least cisco and were classified as 
Deep-Open Nonfish Lakes. Not all Class I, II, III, and IV wetlands are shown.
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averaged 92 days during the summers of 1975-1978 (Haugen and Brown
1980). Average annual precipitation at Lonely is 14.7 cm (Wise et al. 
1977). At Barrow, approximately 63% of the annual precipitation falls 
as snow (September - May) and 37% as rain (June - August) (Dingman et 
al. 1980). A complete climatological summary for outer continental 
shelf and coastal regions of Alaska may be found in Wise et al. (1977).
METHODS
Diet
Oldsquaws (n-126) were collected primarily from the West Long Lake 
study area. Additional birds (n=ll) were collected from inland wetlands 
near the northwest boundary of NPR-A at Icy Cape, Alaska (70°15'N,
161°501W ) (Figure 1).
Diet was estimated by collecting birds observed feeding for a 
minimum of 10 minutes. Prior to collection, total time observed 
feeding, number and duration of dives, and number and length of dive 
pauses (intervals between dives) were recorded using stopwatches.
The upper digestive tract (esophagus, proventriculus, and gizzard) 
was removed immediately upon retrieval of the bird. Esophageal and 
proventricular contents were combined but kept separate from gizzard 
materials by ligation using surgical thread. The digestive tract was 
injected with 10% formalin solution (buffered with household borax) to 
stop post-mortem digestion of food (Bartonek and Hickey 1969, Petersen
1981).
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Two juvenile oldsquaws collected in late summer were aged according 
to plumage development {after Gollop and Marshall 1954). Both birds 
were 28-36 days old (Class IIB).
Esophageal, gizzard and habitat samples were rinsed and stored in 
80% ethanol. Invertebrates were sorted and identified under a binocular 
microscope at 6 - 50X at the University of Alaska in Fairbanks. 
Invertebrates were taxonomically classified according to Pennak (1978), 
Merritt and Cummins {1978), Usinger (1971), and McCafferty (1981).
Midge (Chironomidae:Diptera) larvae were subsampled from the 
esophagi of oldsquaws and identified to tribe. Head capsules were 
removed and boiled in a 5-10% solution of KOH until muscle tissue was 
dissolved (several minutes). Cleared specimens were rinsed in distilled 
water, transferred to absolute alcohol and mounted ventral side up on 
slides using CMC-10 as a mounting medium. Chironomids were classified 
according to Simpson and Bode (1980) and Mason (1968).
Oldsquaw esophageal and proventricular contents, hereafter referred 
to simply as esophageal contents, were combined because food materials 
from these regions were largely undigested and the small amount of 
material present in the proventriculus prohibited analysis. Because the 
use of gizzard contents in food analyses inflates the importance of 
seeds and hard-bodied invertebrates in the diet, food materials in this 
region were kept separate from esophageal contents (Bartonek and Hickey 
1969, Swanson and Bartonek 1970).
Percent occurrence of foods was recorded for esophageal and gizzard 
contents. Only food items from the esophagus were counted. Counts 
included only whole animals; Nematoda, Oliqcchaeta, Turbellaria,
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Cestoda, and Trematoda were not counted because of fragmentation of 
specimens. Exuviae, elytra, or ephippia also were not counted.
Biovolumes of food materials from the esophagus including those 
taxa not counted were measured with 5 and 10 ml syringe-volumetric 
devices (Myers and Peterka 1974) with a precision of 0.01 ml. Alcohol 
was used in the devices instead of water. Organisms were blotted 
damp/dry on filter paper prior to measurement. Volumes of grit and 
''residual" or unidentified material were also measured. Gizzard 
contents were sorted into grit and residual material; both categories 
were reported in volumetric units. Accuracy and precision tests for the 
volumetric devices are reported in Appendix Tables 1 and Z.
Oldsquaw esophageal contents are presented by number, percent total 
number, aggregate (total) volume, aggregate percent volume, and percent 
occurrence to facilitate comparison with other studies. Aggregate 
(total) volume and aggregate percent volume (Martin et al. 1946, Swanson 
et al. 1974b) can be defined on the basis of J food types and I birds 
where Y. . equals the volume of the jth food type in the ith bird 
(i=l,...I, j=l...J) (Swanson et al. 1974b). Aggregate (total) volume 
equals the total volume of the jth food type from all birds divided bv 
the total volume of all food in the sample. Aggregate percent volume 
equals the proportion of the ,1th food type in the ith bird (i.e., volume 
of the jth food type in the ith bird divided by total food volume in ith 
bird) averaged over all birds in the sample. The aggregate (total) 
volume gives equal weight to each unit of food consumed by any bird 
while the aggregate percent method gives equal weight in the analysis to 
each bird. Unless specifically noted, however, only the aggregate
percent volume is used in the text because this method 1) reduces the 
importance of infrequently consumed foods, and 2) decreases distortion 
from variable esophageal capacity or "fullness" and thus insures that 
each bird is represented equally (Swanson et al. 1974b).
Sample sizes of oldsquaws analyzed for diet, esophageal fullness, 
foraging efficiency and food preference differed. Diet analyses (Tables 
1-7, Appendix Tables 6-8) included only birds with s 10 individual prey 
items or 0.01 ml of food material in the esophagi. Esophageal fullness 
(Figures 4-5, Table 9) included all oldsquaws which had been observed 
feeding for at least 10 minutes; minimum esophageal fullness was not 
required. Birds collected without known feeding times or which 
regurgitated esophageal and/or gizzard food materials were excluded from 
analyses. Foraging efficiency (Tables 11-12) was defined as esophageal 
fullness/observed feeding time and required known feeding times for each 
bird in order to calculate number or biovolume of prey captured per 
minute. Food preferences were only determined for oldsquaws for which 
accompanying benthic and zooplankton habitat samples were collected. 
Physical (turbidity, ice cover) and biological (midge emergence) factors 
sometimes changed between the time of a bird collection and habitat 
sampling; in these cases, habitat samples were not collected and 
preference was not determined. At several collection sites, benthic 
samples could not be taken because of aquatic vegetation and frozen or 
impenetrable benthic sediments.
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Foraging Conditions and Food Availability
Oldsquaw collection sites were marked with a stake or anchored
fishing buoy. Information recorded at collection sites included: water
depth, sediment thaw depth, water temperature and transparency, distance
of collection from shore, percent cover of surface and bottom ice, and
weather (temperature, wind speed and direction, percent cloud cover and
precipitation). Transparency was measured with a standard Secchi disk.
Water and sediment thaw depth in shallow wetland habitats were measured
with a meter stick. In lakes greater than 1 m deep, sediment thaw depth
was not assessed and water depth was measured by lowering a Secchi disk
with a calibrated chain. Species composition and percent cover of
emergent aquatic macrophytes present at oldsauaw collection sites were
2
measured in 3 - 1 m plots, randomly located at each site.
To determine wetland food resources, plankton and benthic 
invertebrate samples were collected from each collection site. 
Invertebrate samples were collected within 24-48 hours after a bird was 
shot.
Because most aquatic invertebrate sampling devices work most 
effectively in a specific habitat or wetland zone, optimum results can 
be obtained only by using a combination of sampling eauipment (Swanson 
and Meyer 1973). Sampling equipment bias along with variable wetland 
habitats and seasonal factors (surface and bottom ice, sediment thaw) 
necessitated the use of 3 benthic, 2 plankton, and 1 combination
(benthic and plankton) samplina devices. Benthic samples were collected
2 2 with an Ekman grab (231 cm ), single corer (19.6 cm ), and multiple
2 2corer (4 X 19.6 cm = 7B.5 cm ), then field rinsed in a sieve bucket
lined with no. 76 stainless steel bolting cloth (241 ym mesh openings).
2
Zooplankton were sampled with a sweep net (diameter: 397.6 cm )
modified with an extra Nitex cloth net (223 ym mesh) and a Wisconsin net
(113 cm primary opening; 223 ym mesh). Sweep net samples were taken
directly under the water surface. Wisconsin net tows were horizontal
and near the water surface in shallow lakes (less than 1 m deep); in
deeper lakes, only vertical tows were collected.
In early June, benthic substrates were generally frozen which
prohibited use of standard invertebrate collection devices. A PVC pipe
2
(length: 1.5 m, diameter: 15 cm, area: 177 cm") was lowered
vertically in an undisturbed area isolating a specific water column and 
benthic area. The water column and benthic zone inside the pipe was 
then thoroughly mixed with a small (9 X 13 cm) net (223 ym mesh); 
invertebrates were collected within the pipe by sweeping the net 
throughout the column.
The number of invertebrate samples taken at a collection area was 
dependent upon the complexity of the environment and the sampling 
equipment used. On Shal1ow-Carex, Shallow-Arctophila and 
Deep-Arctophila wetlands, 3 Ekman dredge or single core benthic samples 
and 3 plankton sweep samples were collected at each oldsquaw feeding 
site. One benthic multi-core or Ekman sample and one Wisconsin or sweep 
plankton sample were procured at oldsquaw collection sites from 
Deep-open Nonfish and Fish lakes. If the bird(s) fed prior to 
collection in two distinct wetland areas, additional benthic and 
plankton samples were taken at the second feeding location. Benthic and
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plankton invertebrate samples were preserved with 10% buffered formalin 
and stored in Nalgene bottles.
Benthos and plankton invertebrate habitat samples were processed in 
the same manner as oldsquaw stomach contents. It was not necessary to 
subsample habitat samples to determine the total number of individuals 
for any taxon. Biovolumes of all invertebrate species from habitat 
samples were measured.
Midge larvae from oldsquaw and benthos samples were measured from 
the anterior tip of the head capsule to the tip of the posterior proleg 
using a 3 cm plastic ruler glued to the bottom of a petri dish and were 
classified as less than or equal to 5 mm, greater than 5 mm but less 
than 10 mm, or equal to or greater than 10 mm.
Zooplankton were subsampled and measured to the nearest 0.1 mm in 
32 (26%) of the 123 zooplankton samples taken. Mean number of 
individuals measured for each taxa per sample was 138 or 28.4% of the 
total number of individuals. Tests of validity for this subsampling 
procedure are presented in Appendix Table 4 and Appendix Figures 1 and 
2 .
Statistical and Graphical Analyses
Grit. Seasonal variation in gizzard grit volume (both sexes 
combined) was analyzed using the Kruskal-Wal1 is (K-W) test. Because the 
K-W test was highly significant (P<0.005), pairwise comparisons were 
made using the Mann-Whitney test for each sex between months (e.g., June 
males vs. July males, June females vs. July females, etc.) and 
individual P-values are given. The Bonferroni inequality technique
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(Daniel 1978) was used to limit the comparison-wise Type I error rate to 
20 percent, ie., each pairwise comparison was done at a = 0.2/9 =
0 . 0 2 2 2 .
Esophageal fullness and foraging efficiency. The mean number and 
biovolume of prey consumed by birds collected from four wetland types 
during early, mid, and late summer were tested for seasonal and habitat 
variation using the K-W test. Wetland/season pairs were analyzed using 
the multiple-comparisons test given by Conover (1980:229-232) for use 
following a K-W test.
Dive length, water depth, dive pause. The relationship between 
dive length and water depth was examined using linear regression. 
Regression analysis was also employed to test the relationship between 
dive pause length and dive length.
Diet preference. Food preferences were estimated using PREFER, a 
preference assessment computer program (Johnson 1980). This program 
ranks food items in the animal and associated habitat samples and 
identifies differences. Differences in ranks are then averaged across 
all animals to obtain a mean rank difference for each food item. These 
mean rank differences are then compared to determine which foods are 
preferred. Statistical significance of differences between mean ranks 
is determined by the multiple comparisons procedure of Waller and Duncan 
(1969).
Invertebrate food availabilities from the habitats were derived by 
combining benthic and zooplankton samples. The area of the benthic 
sampling device used was multiplied by the water depth to determine the 
total volume of water sampled from the benthos to the surface. Volume
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of the associated zooplankton sampler was then calculated. A conversion 
factor was determined to equilibrate the zooplankton and benthic 
samples. The corrected number of zooplankton was then added to the 
benthic taxa numbers.
Statistical tests were conducted on the University of Alaska 
computer network system using the software packages: SPSSX
(SPSS Inc. 1985); SAS (SAS Institute Inc. 1985); BMDP (Dixon et al. 
1983); TSP (Hall 1983).
Graphics
Computer graphics were generated with DISSPLA (Integrated Software 
Systems Corporation 1984) and Telegraph (Integrated Software Systems 
Corporation 1984).
Problems
Problems associated with quantifying the distribution, abundance 
and availability of food resources in the environment may have 
ultimately influenced food preference analyses and results. Several 
different benthic and plankton sampling devices were used because of 
variable water and sediment depths. Most sampling devices are biased to 
some degree i.e., a population estimate for a particular food type may 
differ from the true population size (Swanson and Meyer 1973). Thus, 
estimates of food resources at oldsquaw collection sites may have been 
influenced by the sampling equipment used. A second problem involved 
sampling invertebrates e.g., stoneflies, gastropods and caddisfly larvae 
in littoral areas. Because these organisms were usually associated with 
submerged and emergent aquatic macrophytes, habitat samples may not have 
reflected their true abundance. The distribution, abundance, and
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availability of particular foods may have also changed between the time 
of a bird collection and subsequent habitat sampling. For example, 
changes in wind speed and direction were found to alter zooplankton 
distribution and emergence periods of midges and stoneflies. In cases 
where sampling equipment did not function properly, or invertebrate 
abundance/availability changed between the time of an oldsquaw 
collection and habitat sampling, oldsquaw food preferences were not 
determined.
The program PREFER failed to indicate food preferences when the 
difference in taxa ranks between oldsquaws and habitat samples was 
constant (i.e., zero variance); PREFER would not operate because the 
matrix "V" (Johnson 1980:67) was not positive definite. PREFER also 
failed to operate or produced incorrect results when oldsquaw and/or 
habitat sample data sets contained a large number of zeroes (sparse data 
set).
Abundance, availability, size and nutritional value of invertebrate 
prey as well as foraging costs e.g., search, capture, and handling time 
will influence esophageal fullness and foraging efficiency. Digestion 
and food transfer rate (from the esophagus to gizzard) may also affect 
both parameters. Swanson and Bartonek (1970) examined the differential 
breakdown of foods in the esophagus and gizzard in force-fed blue-winged 
teal; after 10 minutes, 24°/ of the midge larvae and 100% of the 
amphipods were digested beyond identification. Bartonek (196B) found 
that force-fed 31 week old mallards (Anas platyrhynchos) digested 
cladocera within 15 minutes. Thus a slower digestion rate for midge 
larvae relative to softer-bodied crustaceans may have resulted in biased
comparisons of esophageal fullness for birds feeding on midge larvae vs. 
those feeding on cladocerans.
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RESULTS
Diet
Oldsquaw diets were examined in relation to wetland class and 
season. Wetland class/season combinations were based on habitat 
availability and use by oldsquaws. Because oldsquaws did not select all 
wetland types equally throughout the summer, seasonal categories (early, 
mid and late summer) are not delimited by the same dates for all wetland 
classes, e.g., early summer birds were collected from Nonfish lakes 
between 17-30 June and from Shallow-Carex wetlands from 11-29 June. 
During early summer (sJune), Fish lakes were ice- and snow-covered and 
thus unavailable to oldsquaws. Nonfish lakes and Shal1ow-Carex wetlands 
were ice-free during June and were primarily used by nonbreeding and 
breeding oldsquaws, respectively. Although Shal1ow-Arctophila and 
Deep-Arctophila wetlands were open, few oldsquaws were collected because 
1) both wetland types were relatively rare in the study area, 2) few 
oldsquaws selected these wetland types during early summer and 3) birds 
feeding in Deep-Arctophila wetlands were difficult to collect because of 
deep water and aquatic emergents. The end of the early summer period 
was established because all breeding pairs had departed Nonfish lakes 
and established territories on smaller ponds. The mid-summer period for 
Nonfish lakes (3 July - 2 August), Shallow-Carex (3-22 July), and 
Shallow-Arctophila (26 June - 3D July) wetlands was set because 1) birds 
collected from Nonfish lakes were beginning to molt and 2) hatching had 
not yet occurred. Late melt and break-up of ice prevented oldsquaws 
from being collected from Fish lakes until late July; small sample size
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prevented comparison with other wetland types during mid-summer. During 
late summer, oldsquaws collected from Nonfish lakes (23 August - 1 
September) and Fish lakes (6 August - 4 September) were molting or 
post-molting birds. Dates for Nonfish and Fish lakes during late summer 
do not coincide because of logistical problems. Oldsquaws were rarely 
observed on smaller Shallow-Carex and Shallow-Arctophila wetlands in 
late summer. Collection date and time, wetland class, specimen number, 
sex, and weight are summarized in Appendix Table 5.
Deep-open Nonfish lakes. In early summer, midge larvae 
(Chironomidae:Diptera) comprised 97% (aggregate percent) of the diet, 
represented 95% of the total number of prey items, and occurred in all 
of the oldsquaws collected from Nonfish lakes (Table 1). Midge pupae, 
cranefly larvae (Tipulidae:Diptera) and unidentified vegetation 
accounted for the remaining 3% of the diet.
During mid-summer, oldsquaws collected from Nonfish lakes consumed 
nearly equal portions of crustaceans and insect prey (Table 2) with 
cladocerans (Daphnidae) accounting for 29% of the aggregate percent; 
midge larvae, 28%; fairy shrimp (Anostraca), 19%; midge pupae, 6%; midge 
adult, 5%; and stoneflies (Nemoura arctica), 3% (Table 2). Cladocerans, 
midge larvae, and fairy shrimp also dominated percent total number.
Crustaceans comprised 86% of the diet of oldsquaws collected from 
Nonfish lakes during late summer (Table 3). The remainder of the diet 
consisted of midge larvae (13%) and plant material (1%). Two juvenile 
oldsquaws (Class 11B) collected on 28 August had fed almost exclusively 
on planktonic crustaceans; cladocerans accounted for 100% of the diet by 
volume and 93% of the total number of their prey.
37
Table 1. Numbers, percent total number, aggregate (total) volume, 
aggregate percent volume, and percent occurrence of esophageal food 
contents of male and female oldsquaws (n=10) collected from Deep-open 
Nonfish lakes in early summer (17-30 June, 1980). TR = <0.1%
Food Item Number Percent Aggregate Aggregate Percent
of Total (Total) Percent Occurrence
Items Number Volume Volume
INSECTA
Di ptera 
Chironomidae
larvae 6171 94.8 94.2 96.6 100.0
pupae 324 5.0 4.7 2.5 9.1
Muscidae larvae 1 TR TR TR TR
Tipulidae larvae 4 TR 1.1 0.7 18.2
CRUSTACEA
Copepoda 1 TR TR TR 9.1
Ostracoda 4 TR TR TR 18.2
ARACHNOIDEA
Acarina 4 TR TR TR 18.2
MISCELLANEOUS
Nematoda - - TR TR 72.7
Ephippia - - TR TR 81.8
Seeds - - TR TR 36.4
Plant parts 
TOTALS 6509 100.0
TR
100.0
TR
100.0
45.4
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Table 2. Numbers, percent total number, aggregate (total) volume, 
aggregate percent volume, and percent occurrence of esophageal food 
contents of male and female oldsquaws (n=23) collected from Deep-open 
Nonfish lakes in mid-summer (3 July - 2 August, 1980). TR = <0.1%
Food Item Number
of
Items
Percent
Total
Number
Aggregate
(Total) 
Volume
Aggregate 
Percent 
Volume
Percent
Occurrence
INSECTA 
Di ptera
Chironomidae
1arvae 1321 18.9 21.6 28.3 52.2
pupae 288 4.1 3.7 5.9 47.8
exuviae - - TR TR 8.7
adul t 1175 16.8 24.8 5.7 8.7
Trichoptera 
Limnephi1idae
larvae 23 0.3 1.5 0.8 8.7
Plecoptera
Nemouridae
nymphs 222 3.2 5.6 3.3 4.3
CRUSTACEA
Anostraca 1764 25.2 33.0 20.4 82.6
Copepoda 37 0.5 TR TR 34.8
Daphnidae 2157 30.9 8.5 29.3 82.6
Notostraca 1 TR TR TR 4.3
Ostracoda 3 TR TR TR 8.7
MISCELLANEOUS
01igochaeta - - 0.6 0.5 8.7
Nematoda - - TR TR 34.8
Ephippia - - 0.1 TR 34.8
Seeds - - TR TR 13.0
Plant parts - - 0.6 1.0 60.9
TOTALS 6991 100.0 100.0 100.0
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Table 3. Numbers, percent total number, aggregate (total) volume, 
aggregate percent volume, and percent occurrence of esophageal food 
contents of male and female oldsquaws (n=8) collected from Deep-open 
Nonfish lakes in late summer (23 August - 1 September, 1980). TR = 
<0 .1%
Food Item Number
of
Items
Percent
Total
Number
Aggregate 
(Total) 
Volume
Aggregate
Percent
Volume
Percent
Occurrence
INSECTA
Diptera
Chironomidae
larvae 173 15.8 27.4 13.1 25.0
CRUSTACEA
Anostraca 20 1.8 9.5 14.3 12.5
Copepoda 381 34.7 21.4 14.3 50.0
Daphnidae 523 47.6 39.3 57.1 100.0
Ostracoda 1 0.1 TR TR 12.5
MISCELLANEOUS
Seeds - - TR TR 25.0
Plant parts - - 2.4 1.2 50.0
TOTALS 1098 100.0 100.0 100.0
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Deep-open Fish lakes. During late summer, oldsquaws fed primarily 
on benthic prey in lakes containing least cisco. Midge larvae comprised 
51% of the diet; midge larval cases, 21% and fingernail clams, 17%
(Table 4). Seed shrimp (Ostracoda) occurred in 83% of the oldsquaws 
collected, comprised 4% of the total number of organisms but measured 
less than 0.05% of the volume.
For a three day period in late July 1980, oldsquaws were observed 
feeding on emerging adult midges on West Long Lake. Although only 3 
birds were collected, 100% of the diet consisted of midge adults, pupae 
and pupal exuviae (Appendix Table 6). Midge adults and pupae accounted 
for 99 and 1%, respectively, of the total number of individuals.
Shallow-Carex wetlands. The esophageal contents of 9 oldsquaws 
collected in early summer from Shallow-Carex wetlands are shown in Table
5. Stonefly nymphs accounted for 51% of the diet; midge pupae, 15%; 
and oligochaetes, 10%. Stoneflies comprised 73% of the total number of 
prey items and occurred in 8 of 9 oldsquaws collected. Snails 
(Gastropoda), adult craneflies, and midge larvae all composed less than 
10% of the diet.
During mid-summer, fairy shrimp comprised 71.5% of the diet of 
oldsquaws collected from Shallow-Carex wetlands (Table 6). Midge pupae, 
midge larvae, and caddisfl.v larvae combined to account for 26% of the 
diet. Of the 3176 total prey items, 90% were fairy shrimp, 6% were 
midge larvae and 3% were midge pupae. Fairy shrimp were present in all 
oldsquaws collected during this period.
One oldsquaw collected in late August from a Shallow-Carex wetland 
had fed entirely on cladocerans (Chydoridae).
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Table 4. Numbers, percent total number, aggregate (total) volume, 
aggregate percent volume, and percent occurrence of esophageal food 
contents of male and female oldsquaws (n=12) collected from Deep-open 
Fish lakes in late summer (6 August - 4 September, 1979 and 1980).
TR = <0.1%
Food Item Number
of
Items
Percent
Total
Number
Aggreqate 
(Total) 
Volume
Aggregate
Percent
Volume
Percent
Occurrence
INSECTA 
Di ptera 
Chironomidae
larvae 5179 78.5 30.4 51.3 100.0
larval cases - - 28.1 26.8 100.0
adult 30 0.5 0.8 2.2 50.0
Trichoptera 
Limnephi1idae
adul t 3 TR 0.2 1.3 16.7
CRUSTACEA
Copepoda 4 TR TR TR 8.3
Notostraca 4 TR TR TR 16.7
Ostracoda 238 3.6 TR TR 83.3
ARACHNOIDEA
Acarina 10 0.2 TR TR 25.0
MISCELLANEOUS
Pelecypoda 1133 17.2 39.9 16.8 83.3
Nematoda - - TR TR 16.7
Seeds - - TR TR 16.7
Plant parts 
TOTALS 6601 100.0
0.6
100.0
1.6
100.0
50.0
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Table 5. Numbers, percent total number, aggregate (total) volume, 
aggregate percent volume, and percent occurrence of esophageal food 
contents of male and female oldsquaws (n=9) collected from Shallow-Carex 
wetlands in early summer (11-29 June, 1979 and 1980). TR = <0.1%
Food Item Number
of
Items
Percent
Total
Number
Aggregate 
(Total) 
Volume
Aggregate
Percent
Volume
Percent
Occurrence
INSECTA
Diptera
Chironomidae
larvae 98 13.0 4.1 5.4 88.9
pupae 63 8.3 12.5 14.9 33.3
exuviae - - 2.1 1.1 11.1
adul t 1 0.1 TR TR 11.1
Tipulidae
larvae 4 0.5 1.5 1.4 22.2
adul t 1 0.1 0.4 5.6 11.1
Muscidae larvae 2 0.3 TR TR 22.2
Trichoptera 
Limnephilidae
1arvae 10 1.3 2.1 1.8 44.4
Plecoptera
Nemouridae
nymphs 552 73.0 47.0 51.0 88.9
CRUSTACEA
Copepoda 1 0.1 TR TR 11.1
Daphnidae 1 0.1 TR TR 11.1
MISCELLANEOUS
01igochaeta - - 22.1 10.2 33.3
Gastropoda 22 2.9 8.2 8.6 11.1
Nematoda - - TR TR 22.2
Ephippia - - TR TR 22.2
Seeds - - TR TR 11.1
Plant parts - - TR TR 11.1
TOTALS 755 100.0 100.0 100.0
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Table 6. Numbers, percent total number, aggregate (total) volume, 
aggregate percent volume, and percent occurrence of esophageal food 
contents of male and female oldsquaws (n=7) collected from Shal1ow-Carex 
wetlands in mid-summer (3-22 July, 1979 and 1980). TR = <0.1%
Food Item Number Percent Aggregate Aggregate Percent
of Total (Total) Percent Occurrence
Items Number Volume Volume
INSECTA 
Di ptera 
Chironomidae
larvae 184 5.8 25.6 9.1 57.1
pupae 88 2.8 4.3 14.2 57.1
exuviae - - TR TR 14.3
Muscidae larvae 4 0.1 TR TR 28.6
Trichoptera 
Limnephilidae 
1arvae 18 0.6 1.9 2.7 57.1
PIecoptera
Nemouridae nymphs 3 0.1 TR TR 14.3
Coleoptera 
Dytiscidae larvae 2 0.1 TR TR 28.6
CRUSTACEA
Anostraca 2851 89.8 66.3 71.5 100.0
Chydoridae 2 TR TR TR 14.3
Daphnidae 11 0.3 TR TR 28.6
Notostraca 10 0.3 0.5 0.7 42.9
ARACHNOIDEA
Acarina 2 0.1 TR TR 14.3
MISCELLANEOUS
01igochaeta - - 0.5 1.1 42.9
Gastropoda 1 TR TR TR 14.3
Nematoda - - TR TR 57.1
Ephippia - - TR TR 28.6
Seeds - - TR TR 57.1
Plant parts - - 0.9 0.7 71.4
TOTALS 3176 100.0 100.0 100.0
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Shallow-Arctophj1 a Wetlands. Cladocerans (Daphm'dae, Chydoridae) 
comprised 50% of the diet of 13 oldsquaws collected from 
Shallow-Arctophila wetlands during mid-summer (Table 7). Oligochaetes 
and midge larvae accounted for 16 and 9%, respectively. The remainder 
of the diet consisted of midge pupae, 8%; fairy shrimp, 8%; and snails, 
6%. Daphnids and oligochaetes occurred in 69 and 31% of the oldsquaws, 
respectively.
The diet of 3 oldsquaws collected in early September was composed 
of midge larvae, 60%, oligochaetes, 29%, and caddisfly 
(Limnephilidae:Trichoptera) larvae, 11% (Appendix Table 7).
Deep-Arctophila Wetlands. The primary foods consumed by oldsquaws 
that had fed on Deep-Arctophi1 a wetlands during early summer were midge 
larvae and snails which comprised 87 and 6% of the diet, respectively 
(Appendix Table 8). Plant materials, stonefly nymphs, caddisfly larvae 
and water mites (Acarina) made up the remaining 5%.
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Table 7. Numbers, percent total number, aggregate (total) volume, 
aggregate percent volume, and percent occurrence of esophageal food 
contents of male and female oldsquaws (n=13) collected from Shallow- 
Arctophila wetlands in mid-summer (26 June - 30 July, 1979 and 1980). 
TR = <0'.1%
Food Item Number
of
Items
Percent
Total
Number
Aggregate 
(Total) 
Volume
Aggregate
Percent
Volume
Percent
Occurrence
INSECTA
Diptera
Chironomidae
larvae 197 12.6 8.5 8.7 46.2
pupae 105 6.7 10.3 8.4 30.8
adul t 1 D.l TR TR 7.7
Muscidae larvae 2 0.1 TR TR 15.4
Trichoptera 
Limnephi1idae 
larvae 8 0.5 0.9 0.5 30.8
PIecoptera 
Nemouridae nymphs 6 0.4 0.2 0.6 15.4
Coleoptera 
Dytiscidae larvae 1 0.1 TR TR 7.7
CRUSTACEA
Anostraca 195 12.5 16.1 8.4 30.8
Copepoda 1 0.1 TR TR 7.7
Chydoridae 214 13.7 12.7 4.5 23.1
Daphnidae 811 52.0 11.1 45.9 69.2
Notostraca 2 0.1 D.l 0.1 15.4
MISCELLANEOUS
01igochaeta - - 31.D 15.8 30.8
Gastropoda 17 1.1 5.6 5.9 23.1
Nematoda - - TR TR 69.2
Turbellaria - - TR TR 15.4
Cestoda - - TR TR 23.1
Ephippia - - TR TR 46.2
Seeds - - 0.4 0.1 30.8
Plant parts - - 3.1 1.1 61.5
TOTALS 156D 100.0 100.0 100.0
46
Lead Shot
Fourteen (11%) of the oldsquaws collected had lead shot in their 
gizzards. Mean (±S.E.) number of pellets found was 4.00 ± 0.84 (range 
1-11). Appendix Table 10 summarizes lead shot occurrence in oldsquaws 
collected during the study period.
Grit
Males collected in July contained a significantly (P<0.001) greater 
volume of grit than males collected during June (Figure 3). Females 
collected in July also contained a significantly (P<0.02) greater mean 
volume of grit than females in June. Mean grit volume of males did not 
differ from females in June, July or August-earlv September (Table 8). 
Esophageal grit comprised only 4.4 and 8.4% of the total grit 
(esophageal plus gizzard) volume of male and female oldsquaws, 
respectively.
Figure 3. Volume (ml) of gizzard grit found in male (open boxes) and female 
(stippled boxes) oldsquaws during June, July, and August-early September, 1979 
and 1980. Mean = horizontal line; standard error = box surrounding mean; 
range = vertical line; sample size = number immediately below low range. -p»-vi
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Table 8. Test description and summary statistics for analysis of mean 
gizzard grit volume of male and female oldsquaws collected during June, 
July and August-early September, 1979 and 1980. Sample sizes are given 
in Figure 3. The significance level was set at a = 0.2/9 = 0.0222 as 
the comparison-wise error rate for multiple comparisons (Bonferroni 
technique). Mann-Whitney U ?-tailed P corrected for ties. * indicates 
significance at the comparison-wise error rate of 0.0222.
Comparison Mann-Whitney U, 2 tailed P
June male X June female 
July male X July female 
Aug/Sept male X Aug/Sept female
P = 0.8537 
P = 0.3938 
P = 0.9875
June male X July male 
June male X Aug/Sept male 
July male X Auq/Sept male
P = 0.0005 * 
P = 0.0543 
P = 0.1000
June female X July female 
June female X Auq/Sept female 
July female X Aug/Sept female
P = 0.0193 * 
P = 0.2347 
P = 0.6959
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Esophageal Fullness
Mean esophageal fullness (based on prey number and biovolume) was 
calculated for oldsquaws collected from Nonfish lakes, Fish lakes,
Sha11ow-Carex and Shallow-Arctophila wetlands during early, mid and late 
summer (Figures 4-5).
Oldsquaw esophageal fullness varied significantly across time 
periods and habitats when fullness was measured by prey number (P<0.001) 
or biovolume (P<0.02) (Table 9). In early summer, oldsquaws collected 
from Nonfish lakes contained signficantly (P<0.05) more food than 
oldsquaws collected from Shal1ow-Carex ponds. Mean number and biovolume 
of prey found in oldsquaws collected from Nonfish lakes decreased from 
early to late summer. In mid-summer, birds collected from Nonfish lakes 
and Shallow-Arctophila wetlands did not differ significantly in 
esophageal fullness. No significant difference was found between 
Nonfish and Fish lake oldsquaws in late summer. An oldsquaw which fed 
on midge larvae and fingernail clams contained the maximum number of 
prey (1565); the greatest biovolume (5.85 ml) recorded was comprised 
exclusively of midge larvae.
Wetland type — Season
Figure 4. Esophageal fullness (mean number of prey) of oldsquaws collected 
from four wetland types during summer, 1979 and 1980. NF-E = Nonfish lakes in 
early summer, SC-E = Shallow-Carex wetlands in early summer, NF-M = Nonfish 
lakes in mid-summer, SA-M = Shallow-Arctophila wetlands in mid-summer,
NF-L = Nonfish lakes in late summer, F-L = Fish lakes in late summer.
Mean, standard error, range, and sample size. * * * = high range value not 
illustrated in figure (NF-E = 1565, NF-M = 1168, F-L = 1685).
C/i
o
Wetland type -  Season
Figure 5. Esophageal fullness (mean biovolume of prey) of oldsquaws collected 
from four wetland types during summer, 1979 and 1980. NF-E = Nonfish lakes in 
early summer, SC-E = Shallow-Carex wetlands in early summer, NF-M = Nonfish 
lakes in mid-summer, SA-M = Shallow-Arctophila wetlands in mid-summer,
NF-L = Nonfish lakes in late summer, F-L = Fish lakes in late summer.
Mean, standard error, range, and sample size. NF-L TRACE (mean=0.105,
SE=0.040, high=0.250, low=0.00)
U1I—1
52
Table 9. Kruskal-Wal1 is and Multiple-comparison test results of 
esophageal fullness based on prey number and biovolume from oldsquaws 
collected from Nonfish lakes in early summer (NF-E), Nonfish lakes in 
mid-summer (NF-M), Nonfish lakes in late summer (NF-L), Shallow-Carex 
wetlands in early summer (SC-E), Shallow-Arctophila wetlands in 
mid-summer (SA-M), and Fish lakes in late summer (F-L). * = significant 
at a = 0.05, NS = not significant.
Population comparisons Kruskal-Wal1 is P-Value
Number Biovolume
NF-E (n=10) - NF-M (n=27) - NF-L (n=6)
- SC-E (n=10) - SA-M (n=15) - F-L (n=13) 0.0003 0 .0101
Multiple-Comparison results 
Number Biovolume
NF-E (n=10) - NF-M (n=27) 
NF-E (n=10) - NF-L (n=6) 
NF-M (n=27) - NF-L (n=6) 
NF-E (n=10) - SC-E (n=10) 
NF-M (n=27) - SA-M (n=15) 
NF-L (n=6) - F-L (n=13)
★
★
NS
NS
NS
★
★
★
NS
NS
NS
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Foods of Males and Females
The diet of male and female oldsquaws was compared when at least four 
birds of both sexes were collected from the same wetland type during the 
same time period. In early summer, midge larvae comprised 95 and 98% of 
the diet of male (n=6) and female (n=4) oldsquaws respectively, 
collected from Deep-open Nonfish lakes. On Shallow-Carex wetlands in 
early summer, stoneflv nymphs made up 57% of the diet of male oldsquaws 
(n=5) and 43% of the females' (n=4) diet.
Six breeding pairs of oldsquaws were collected from Shallow-Carex 
and Shallow-Arctophila wetlands between 11-18 June 198D. Females 
contained a greater, though not statistically significant (P>0.1), food 
biovolume (x = 1.49, SE = D.61, n - 6, range = 0.07-4.28) than males (x 
= 0.51, SE - 0.30, n=6, range - 0.00-1.49). The number of prey items 
eaten by females (x - 213.3, SE = 74.2, n-6, range = 39-538) was 
significantly (P<0.05) greater than the number of prey taken by males (x 
- 52.0, SE = 31.7, n=6, range = 0-205).
Feeding Sites
The combined mean water depth at feeding sites from Deep-open 
Nonfish lakes (Molt, Drop and Caribou Lakes) was 55.4 cm (n=46) compared 
to 229.6 cm for feeding sites (n— 14) located on Deep-open Fish lakes 
(Figure 6). Water depths at Deep-Arctophila feeding sites averaged 64.0 
cm (n=3).
Emergent and submergent aquatic vegetation was absent in 98% of the 
oldsquaw feeding sites (n=58) on Deep-open Nonfish and Fish lakes.
There was no vegetation in 44% of the Shallow-Carex (n=34) and
Wetland type
Figure 6. Water depths recorded at oldsquaw feeding sites on Nonfish lakes 
(NF), Fish lakes (F), Shallow-Carex (SC) and Shallow-Arctophila (SA) wetlands, 
summer, 1980. Mean, standard error, range, and sample size.
<_n
Shallow-Arctophila (n-18) feeding sites examined. Percent occurrence 
and mean percent cover of aquatic vegetation measured at Shal1ow-Carex 
and Shallow-Arctophila feeding sites are summarized in Table 10.
Mean depth and range of unfrozen benthic sediments at oldsquaw 
feeding sites from Shallow-Carex and Shallow-Arctophila wetlands and a 
Deep-open lake are summarized in Appendix Table 9.
Oldsquaws collected on Shallow-Carex wetlands often fed along the
edge or in shoreward stands of Carex aquatilus. Although the exact 
feeding distance from shore was not determined, birds fed within about 2 
m of shore in 44% of the collection sites (n=34) examined.
Shallow-Arctophila wetland feeding sites (n-12) averaged 8.4 m from 
shore. Nonfish lake oldsquaws (n-51) fed an average of 58 m from shore
and birds on Fish lakes (n=14) averaged 174 m from shore.
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Table 10. Percent occurrence and mean percent cover of aquatic 
vegetation at Shallow-Carex (n=34) and Shallow-Arctophila (n=18) 
oldsquaw feeding sites.
Vegetation Percent Mean percent
Cover type Occurrence cover
Shallow-Carex
Carex aquatilus 44.0 14.0
Eriophorum angustifolium 6.0 0.7
Ranunculus Pal 1 asii 6.0 0.1
Hippuris vulgaris 3.0 0.2
sediment (no vegetation) 37.0 85.0
Shallow-Arctophila
Carex aquatilus 5.5 1.0
Arctophila fulva 4.4 11.0
detritus 5.5 4.0
sediment (no vegetation) 94.0 84.0
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Foraging Behavior
A total of 2749 minutes of feeding observations was recorded for 
103 oldsquaws during the 1980 field season. Specific feeding behavior 
(diving vs. dabbling) was described for 83 oldsquaws and totaled 1816 
minutes. Dabbling included: 1) pecking at food on the water surface,
2) surface dabbling (bill on the water surface) and 3) subsurface 
dabbling (bill below the water surface). Eighty-four percent (n=70) of 
the oldsquaws for which specific behavior was documented fed by diving. 
Sixteen percent (n=13) birds dabbled 287 minutes for foods. Of the 13 
oldsquaws observed dabbling, three also dove for foods. The diet of 10 
oldsquaws which fed only by dabbling was comprised of anostracans, 
chironomid adults (plus pupae and exuviae), and cladocerans (Appendix 
Table 11). These three taxa combined accounted for an average of 99.6 
and 99.4% of the total number and biovolume of prey consumed, 
respectively, by dabbling oldsquaws.
The mean length of dives by ID oldsauaws (4 males, 6 females) 
observed on Shallow-Carex wetlands was 15.9 seconds (SE = 1.6, range = 
4-32). Three females collected from Shallow-Arctophila wetlands dove 
for an average of 22.0 seconds (SE = 0.6, range = 10-29). On a 
Deep-open Nonfish lake (Molt Lake), oldsquaws (4 males and 5 females) 
stayed under water an average of 24.2 seconds (SE = 1.5, range = 4-35). 
Four oldsquaws (2 males, 2 females) observed on Drop Lake (Deep-open 
Nonfish) dove for an average of 25.1 seconds (SE = 1.1, range = 14-47). 
The relationship between mean dive length and mean water depth recorded 
at all feeding sites across wetland types was significant [y(seconds) = 
7.67 + 0.31 (Depth, cm), r2=0.49, P<0.0001, n=26] (Figure 7).
Water Depth (cm)
Figure 7. Relationship between oldsquaw dive length and water depth for 
Shallow-Carex, Shallow-Arctophila and two Deep-open Nonfish wetlands 
(Molt and Drop lakes).
[y (seconds) = 7.67 + 0.31 (Depth, cm)], r2 = 0.489, P<0.0001, n = 26. cnCO
Dive pause was defined as the period of time an oldsquaw spent on 
the water surface between dives. Dive pause behavior was restricted to 
movements directly related to diving and excluded courtship, 
territorial, comfort and preening behavior. Oldsquaws (n=8) observed on 
Shal1ow-Carex wetlands were found to have the longest pause length (x = 
6.2 s SE = 1.1). Birds (n=4) on Drop Lake (Deep-open Nonfish) only 
paused an average of 3.9 ± 0.3 seconds between dives. Pause lengths of 
oldsquaws observed on Shallow-Arctophila wetlands and Molt Lake were 4.1 
± 0.9 (n-3) and 5.0 ± 0.4 (n=10) seconds, respectively.
The overall mean dive length (20.7 ± 1.2, n-30), dive pause (5.7 ± 
0.5, n=28), and dive pause ratio (4.60 ± 0.45, n=28), were calculated 
from all oldsquaws observed on all wetland types (Appendix Table 11).
The relationship of mean dive length and mean dive pause was not 
significant [r^=0.01, P>0.65, n=28].
Female oldsquaws (n=5) observed on Shallow-Carex wetlands dove an 
average of 2.6 (SE = 0.3) times per minute compared to 2.1 (SE = 0.5) 
dives per minute recorded for males (n=7). Females (n=4) observed on a 
Deep-open Nonfish lake dove 2.1 (SE = 0.3) times per minute and males 
(n=3) dove 1.9 (SE = 0.1) times per minute.
Foraging Efficiency
Foraging efficiency varied significantly among both habitats and 
time periods (Tables 11-12). In early summer, oldsquaws on Deep-open 
Nonfish lakes obtained prey with greater efficiency, measured both by 
number (P<0.05) and biovolume (P<0.002) than birds from Shallow-Carex 
wetlands. Prey capture rate did not differ during mid-summer for
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Esophageal ful1 ness Foraging Efficiency
WT/S n x OFT x Number x Biov. #/minute Biov./minute
NF-E 9 10.8 :* 1.6 702.3 + 148.1 2.46 + 0.6 96.0 + 33.7 0.338 ± 0.123
SC-E 10 16.9 i 2.1 75.8 ± 28.4 0.58 ± 0.2 5.3 ± 2.1 0.037 ± 0.012
NF-M 21 33.7 + 3.9 272.0 + 68.2 0.78 ± 0.3 9.3 + 2.1 0.027 ± 0.008
SA-M 15 33.0 + 3.5 104.0 ± 24.7 0.57 + 0.2 3.9 + 1.2 0.024 ± 0.010
NF-L 4 21.3 t 5.5 99.0 + 39.6 0.45 + 0.1 5.1 + 2.3 0.007 ± 0.004
F-L 5 30.5 ± 2.4 894.0 ± 314.5 1.64 ± 0.8 31.3 ± 12.2 0.063 ± 0.036
Table 11. Mean (± SE) observed feeding time (OFT) in minutes, esophageal fullness 
and foraging efficiency of oldsquaws collected from four wetland types during early, 
mid and late summer. WT-S = Wetland type-Season, n = number of oldsquaws, Biov. = 
biovolume (ml). NF-E = Nonfish lakes in early summer, SC-E = Shallow-Carex 
wetlands in early summer, NF-M = Nonfish lakes in mid-summer, SA-M =
Shallow-Arctophila wetlands in mid-summer, NF-L = Nonfish lakes in late summer,
F-L = Fish lakes in late summer.
O'
o
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Table 12. Kruskal-Wal1 is and Multiple-comparison test results of 
foraging efficiency based on prey number and biovolume from oldsquaws 
collected from Nonfish lakes in early summer (NF-E), Nonfish lakes in 
mid-summer (NF-M), Nonfish lakes in late summer (NF-L), Shallow-Carex 
wetlands in early summer (SC-E), Shallow-Arctophila wetlands in 
mid-summer (SA-M), Fish lakes in late summer (F-L). * = significant at
a = 0.05, NS = not significant.
Population comparisons Kruskal-Wallis P-Value
Number BTovolume
NF-E fn=9) - NF-M (n=21) - NF-L (n=4)
- SC-E fn=10) - SA-M (n=15) - F-L (n»5) 0.0001 0.0009
Multipie-Comparison results 
Number Biovolume
NF-E fn=9) - NF-M (n=21) * *
NF-E (n=9) - NF-L (n=4) * *
NF-M (n=21) - NF-L (n=4) NS NS
NF-E (n=9) - SC-E (n=10) * *
NF-M (n=21) - SA-M (n=15) NS NS
NF-L (n=4) - F-L (n=5) * NS
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oldsquaws collected from Deep-open Nonfish lakes vs. Shallow-Arctophila 
wetlands. During late summer, the foraging efficiency of oldsquaws from 
Nonfish and Fish lakes differed significantly in terms of prey number 
(P<0.05) but not prey biovolume (P>0.05).
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Diet Preference
Preference analyses were based on percent total number and 
aggregate percent volume of prey for oldsquaws collected on Nonfish 
lakes (early, mid, late summer), Fish lakes (late summer), Shallow-Carex 
(early summer) and Shallow-Arctophila wetlands (mid-summer) (Figures 
8-19). Selection of chironomid larvae based on larval length was 
examined for all wetland/season combinations (Figures 20-24) except 
Nonfish lakes in late summer when larvae were not taken by oldsquaws.
PREFER was used successfully in only 35% (n=17l of the analyses. 
Small sample sizes of oldsquaws, sparse data sets (few invertebrate 
taxa), and tied ranks among oldsquaw and/or habitat samples caused the 
the program to fail or to produce incorrect results. Additional 
analytical problems were encountered when several oldsquaws were 
collected at the same time at the same location. Because habitat 
samples were identical for these birds, PREFER could not invert the 
covariance matrix. This problem was alleviated in some cases by 
averaging foods among the oldsquaws collected from the same habitat and 
comparing this single value to the habitat. However, this procedure 
decreased the sample size of oldsquaws in certain wetland/season 
combinations so the analysis failed because of: 1) agreement in ranks
of foods between birds and/or habitat samples or 2) number of 
invertebrate taxa exceeded the number of oldsquaws being tested. In 
cases where PREFER could not be used to examine preferences, foods were 
simply arranged in order according to relative preference (Figures 8-9, 
12-13, 16-20, 22-23). Diet preferences analyzed successfully with
PREFER are identified by the F-statistic and P-value given in figure 
legends.
Deep-open Nonfish lakes. In early summer, chironomid larvae were 
selected by oldsquaws in virtually the same proportion as their 
occurrence in the habitat both in terms of percent total number and 
aggregate percent volume. Because the diet of oldsquaws consisted 
almost exclusively of chironomid larvae, preference could not be 
determined using PREFER (Figures 8-9). Daphnidae and Anostraca became 
increasingly important to mid-summer oldsquaws and were preferred over 
benthic invertebrates (Figures 10-11). Zooplankton (Daphnidae,
Copepoda, Anostraca) comprised over 99% of the foods consumed by 
oldsquaws collected from Nonfish lakes in late summer while accounting 
for less than 40% of the total number and 30% of the aggregate percent 
volume of foods found in the habitat (Figures 12-13).
Deep-open Fish lakes. Based on prey numbers, chironomid larvae and 
pelecypods were preferred while zooplankton (Bosminidae, Daphnidae, 
Copepoda) and Ostracoda were avoided (Figure 14). Chironomid larvae, 
pelecypods, and chironomid adults comprised 78.1, 16.8 and 2.2%, 
respectively, of foods consumed by oldsquaws (based on aggregate percent 
volume); the first two taxa accounted for 87.0 and 13.0%, respectively, 
of prey measured in the habitat (Figure 15).
Shallow-Carex wetlands. Oldsquaws fed primarily on stonefly nymphs 
which comprised 73.0 and 51.0% of the total number and aggregate percent 
volume of prey, respectively (Figures 16-17). Stoneflies accounted for 
less than 3% in terms of total number and aggregate percent volume of
64
Figure 8. Percent total number of foods found in the esophagi of oldsquaws (n=10) and in the habitat. 
Because chironomid larvae were the predominant invertebrate taxon (based on rank) in all oldsouaws 
and habitat samples, no preference was indicated by PREFER. TR = trace (<0.1%). CT>cn
Figure 9. Agqregate percent volume of foods found in the esophagi of oldsquaws (n— 10) and in the 
habitat. Because chironomid larvae were the predominant invertebrate taxon (based on rank) in all 
oldsquaws and habitat samples, no preference was indicated by PREFER. cr>cr>
Figure 10. Percent total number of foods found in the esophagi of oldsquaws (n=18) and in the habitat. 
Foods arranged in order of preference from left to right. The hypothesis of equal preference across taxa 
was rejected (F=24.4788 df=7,ll P<0.001). Invertebrate taxa underscored with the same line are not 
statistically different (P>0.05) while lack of a common underscore indicates that the food items differed 
significantly (P<0.05). TR = trace (<0.1%).
O '!
Figure 11. Aggregate percent volume of foods found in the esophagi of oldsquaws (n=18) and in the 
habitat. Foods arranged in order of preference from left to right. The hypothesis of equal preference 
across taxa was rejected (F=16.0447 df=3,15 P<0.001). Invertebrate taxa underscored with the same
line are not statistically different (P>0.05) while lack of a common underscore indicates that the 
food items differed significantly (P<0.05). cr>CO
Figure 12. Percent total number of foods found in the esophagi of oldsquaws (n=7) and in the habitat.
Small sample size of oldsquaws prohibited preference analysis using PREFER. TR = trace (<0.1%). g
Figure 13. Aggregate percent volume of foods found in the esophagi of oldsquaws (n=7) and in the habitat.
Small sample size of oldsquaws prohibited preference analysis using PREFER. TR = trace (<0.1%). ^
i
Figure 14. Percent total number of foods found in the esophagi of oldsquaws (n=10) and in the habitat. 
Foods arranged in order of preference from left to right. The hypothesis of equal preference across taxa 
was rejected (F=34.8132 df=6,4 P<0.005). Invertebrate taxa underscored with the same line are not 
statistically different (P>0.05) while lack of a common underscore indicates that the food items differed 
significantly (P<0.05). TR = trace (<0.1%).
Figure 15. Aggregate percent volume of foods found In the esophagi of oldsouaws (n=10) and in the habitat. 
Foods arranged in order of preference from left to right. The hypothesis of equal preference across taxa 
was not rejected (F=3.9642 df=2,8 P>n.05). Invertebrate taxa underscored with the same line are not 
statistically different (P>0.05) while lack of a common underscore indicates that the food items differed 
significantly (P<0.05). TR = trace (<0.1?). -»jro
Figure 16. Percent total number of foods found in the esophagi of oldsquaws (n=9) and in the habitat.
Low sample size of oldsquaws prohibited preference analysis using PREFER. TR = trace (<0.1%). ^
fnwU< L n ^  * M reQa te percent  volumG of foods found in the esophagi of oldsquaws (n=9) and in the habitat. 
Low sample size of oldsquaws prohibited preference analysis using PREFER.
•*-j
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prey in the habitat. Benthic prey such as chironomid larvae and 
oligochaetes appeared to be avoided.
Shallow-Arctophila wetlands. Although PREFER could not analyze 
food preferences due to low sample sizes of oldsquaw and habitat 
samples, daphnids appeared to be preferred over other food types 
(Figures IB-19). Benthic invertebrates (chironomid larvae, 
oligochaetes) comprised over B2% (aggregate percent volume) of all 
invertebrates in the habitat samples but made up less than 26% of 
oldsquaw foods.
Chironomid larvae size. Oldsquaws appeared to prefer the largest 
two size classes (slOmm, >5mm <10mm) of chironomid larvae in Nonfish 
lakes, Shallow-Carex, and Shallow-Arctophila wetlands (Figures 20-23). 
Close or perfect agreement in larvae size ranks between birds, habitat 
samples or both, prohibited PREFER analyses in 3 of the 4 cases. The 
two largest size classes comprised an average of 90.8% in oldsquaw 
esophagi but only 10.5% in the associated habitat samples. Although 
oldsquaws collected on Fish lakes in late summer preferred larvae >5mm 
but <10mm, 99.7% of the larvae measured in the esophagi were ^5mm 
(Figure 24). Larvae ^5mm also predominated in habitat samples, 
accounting for 7B.2% of the total number.
Figure 18. Percent total number of foods found in the esophagi of oldsquaws (n=ll) and habitat samples.
Low sample size of oldsquaws prohibited preference analysis using PREFER. <?>
Figure 19. Aggregate percent volume of foods found in the esophagi of oldsquaws (n=ll) and in the habitat. 
Low sample size of oldsquaws prohibited preference analysis using PREFER. TR = trace (<0.1%).
-»j
-»j
Figure 20. Percent total number of three size classes of chironomid larvae in the esophagi of oldsquaws
(n=10) and in the habitat. Perfect agreement between ranks of larvae size classes for oldsquaw and
habitat samples prevented preference analysis with PREFER.
CO
Figure 21. Percent total number of three size classes of chironomid larvae in the esophagi of oldsquaws
(n=22) and in the habitat. Foods arranged in order of preference from left to right. The hypothesis of
equal preference across taxa was rejected {F-83.8394 df=2,20 P<0.001). Invertebrate taxa underscored 
with the same line are not statistically different (P>0.05) while lack of a comnon underscore indicates
that the food items differed significantly (P<0.05).
Figure 2 2 , Percent total number of three size classes of chironomid larvae in the esophagi of oldsquaws
(n=10) and in the habitat. Perfect agreement between ranks of larvae size classes for oldsquaws and
habitat samples prevented preference analysis with PREFER. coo
Figure 23. Percent total number of three size classes of chironomid larvae in the esophagi of oTdsquaws
(n=ll) and in the habitat. Agreement between ranks of larvae size classes for oldsquaws and habitat
samples prevented preference analysis with PREFER. coi— >
Figure 24. Percent total number of three size classes of chironomid larvae in the esophagi of oldsquaws 
(n=10) and in the habitat. Foods arranged in order of preference from left to right. The hypothesis of 
equal preference across taxa was not rejected (F=1.8333 df=2,8 P>0.1). Invertebrate taxa underscored 
with the same line are not statistically different (P>0.05) while lack of a common underscore indicates 
that the food items differed significantly (P<D.05). coro
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DISCUSSION
Diet
Wetland availability and use. Oldsquaw diet was directly 
influenced by the availability of different wetland habitats and 
requirements for breeding. In early summer, breeding, nonbreeding, 
subadult, and adult birds first used shallow Nonfish lakes which were 
ice-free earlier than deeper Fish lakes. LANDSAT imagery (1976-79,
1982, 1984) indicated that Fish lakes in the study area remained 95-99% 
ice and snow covered until approximately 7 July, while Nonfish lakes 
were completely thawed. Although nonbreeding and subadult oldsquaws 
remained on large Nonfish lakes, breeding pairs dispersed to 
Shal1ow-Carex (Class II) and Deep-Arctophi1 a (Class IV) wetlands.
During mid-summer, breeding pairs and incubating females continued to 
feed primarily in Shallow-Carex ponds while nonbreeding or failed 
nesting females used Shallow-Arctophila wetlands. Nonbreeding and 
postbreeding males comprised 84% of the oldsquaws collected from Nonfish 
lakes in mid-summer. These results generally agree with those reported 
by Bergman (1974) and Derksen et al. (1981) who found that in July, 
nonbreeding and postbreeding oldsquaws preferred Deep-Arctophila 
wetlands and Deep-open lakes. In late summer (i.e., August), molting 
and staging oldsquaws used Nonfish and Fish lakes (Bergman 1974, Derksen 
et al. 1981, this study).
Temporal and spatial patterns in diet. Midge larvae were the 
principal food available to and consumed by oldsquaws using Nonfish 
lakes in early summer (Figure 25). Although sample sizes were small,
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THE DIET OF OLDSQUAWS 
FROM NONFISH LAKES
Legend
□  MISC ANML/PLNT 
E S  COPEPODA
W  MIDGE PUPAE 
E 3  CLADOCERA
□  ANOSTRACA 
MIDGE LARVAE
6/17-6/30 7 / 0 3 -8 / 0 2  8/23-9/01
6/11-7/10 7/11-8/05 8 / 0 6 -9 / 0 4
Figure 25. The diet of oldsquaws collected from Deep-open Nonfish and Fish 
Lakes (Class V) during early, mid, and late summer, 1979 and 1980.
adult, subadult, breeding and nonbreeding birds fed almost exclusively 
on midge larvae. Lack of aggressive or territorial behavior by 
oldsquaws during this period suggests food was abundant and available or 
spatially unpredictable and undefendable. Krapu (1974) found that midge 
larvae were the most important food consumed by breeding pintail hens. 
Breeding pairs of pintails often fed in close proximity to other pairs 
during follicular development and laying; this type of "successful 
crowding" occurred most frequently in wetlands where midge larvae were 
abundant (Krapu 1974). Midge larvae have been recognized as important 
food for breeding wood ducks (Drobney and Fredrickson 1979), gadwalls 
(Anas strepera) (Serie and Swanson 1976), pintails (Krapu 1974, Krapu 
and Swanson 1975, 1978), blue-winged teal (Swanson et al. 1974a, Swanson 
and Meyer 1977), ring-necked ducks (Aythya collaris) (Hohman 1985), 
tufted ducks (Aythya fuliqula) (Bengtson 1971a), greater scaup (Aythya 
marila) (Bengtson 1971a), lesser scaup (Aythya affinis) (Rogers and 
Korschgen 1966, Bartonek and Hickey 1969), oldsquaws (this study), 
common scoters (Melanitta nigra) (Bengtson 1971a), and Barrow's 
goldeneye (Bucephala islandica) (Bengtson 1971a). Bengtson (1971a) 
found that fish eggs were the primary food of four oldsquaws collected 
in early summer from Lake Myvatn, Iceland. These results should, 
however, be interpreted with caution because of the small sample of 
oldsquaws and low density of midge larvae during that year (Bengtson 
1971b). Breeding pairs eventually dispersed from Nonfish lakes and 
established territories on Shallow-Carex and Deep-Arctophila ponds.
These wetlands provided partial isolation from other breeding pairs 
(Bergman 1974), suitable nesting sites, and diversity of foods (Howard
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1974, Derksen et al. 1979a, this study). Oldsquaws collected in early 
summer from Shal1ow-Carex wetlands fed primarily on stonefly nymphs 
(Figure 26). Midge pupae and larvae, and oligochaetes were also 
important prey in the diet of breeding birds.
Crustaceans were the single most important group in the diets of 
oldsquaws during mid-summer. Anostracans and cladocerans comprised at 
least 50% of the prey consumed by oldsquaws from Shallow-Carex and 
Shallow-Arctophila wetlands (Figure 26) and Nonfish lakes (Figure 25). 
Emergence of chironomid midges in late July provided an additional 
episodic food source for oldsquaws on Deep-open lakes. Although only 
three birds were collected during or immediately following an emergence, 
100% of the diet consisted of midge adults, pupae or pupal exuviae. At 
Lake Veittjarvi in northern Sweden, midge emergence occurred just prior 
to mallard, Eurasian green-winged teal (Anas crecca crecca) and pintail 
hatching; ducklings were then able to utilize this abundant and high 
quality food source (Danell and Sjoberg 1977). Adult midges were 
important in the diet of adult and juvenile dabbling ducks feeding 
between sunset and midnight on a waste-stabilization system (Swanson 
1977). Opportunistic feeding by diving ducks on midge adults and pupal 
cases floating on the water surface was also observed by Bengtson 
(1971a). In late summer (i.e., August), molting and staging oldsquaws 
used Nonfish and Fish lakes (Bergman 1974, Derksen et al. 1981, this 
study). The diet of oldsquaws collected from Fish lakes in late summer 
consisted of midge larvae and fingernail clams (Figure 25). Birds 
collected during the same time from Nonfish lakes fed almost exclusively 
on zooplankton (Cladocera, Copepoda, Anostraca) (Figure 25). On Lake
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THE DIET OF OLDSQUAWS 
FROM SHALLOW-CAREX 
WETLANDS
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Figure 26. The diet of oldsquaws collected from Shallow-Carex (Class II) and 
Shallow-Arctophjla (Class III) wetlands during early and mid-summer, 1979 and 1980.
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Myvatn, oldsquaws examined during July-August 1960, fed primarily on 
cladocerans (Eurycercus) (Gardarsson 1979). Char (Salvelinus alpina) 
analyzed during the same year also fed on cladocerans (Gardarsson 1961, 
cited in Gardarsson 1979). Bengtson (1971a) however, reported that 
between 1968 and 1970, midge larvae accounted for over 95% of the prey 
eaten by oldsquaws. Greater scaup and common scoters exhibited similar 
shifts in diet from cladocerans to midge larvae between 1960 and 
1968-1970. Adalsteinsson (1976, cited in Gardarsson 1979) found that 
cladocerans also appeared to decrease in importance in the food of char 
between 1969 and 1973. Gardarsson (1979) concluded that Lake Myvatn 
experienced a dramatic decrease in cladocerans during the 1960's but 
could not determine the cause.
Resource partitioning between oldsquaws and fish. Stress et al. 
(1980) and Taylor (unpublished data) found that large zooplankton 
species (Daphnia middendorffiana, Daphnia pulex, Branchinecta paludosa, 
Polyartemia hazeni) were found in ponds and lakes which did not contain 
fish. Lakes which contained planktivorous fish were inhabited by 
smaller forms of zooplankton (Daphnia longiremis, Bosmina longirostris) 
(Stress et al. 1980, Taylor unpublished data). Examination of least 
cisco stomach contents (Taylor unpublished data), oldsquaw esophagi, and 
associated zooplankton samples, indicate that size selective predation 
by fish prevents larger zooplankton species from inhabiting or becoming 
an important component in Deep-open Fish lakes.
Physical limitations of bill lamellae may prevent oldsquaws from 
utilizing small zooplankton found in Fish lakes. Spacing between the 
blade-like lamellae in the oldsquaw is wide relative to that found in
the green-winged teal (Anas crecca), shoveler (Anas clypeata) and ruddy 
duck (Oxyura jamaicensis) (Goodman and Fisher 1962). Closely packed 
lamellae in the latter three species allow efficient straining for small 
particles (Goodman and Fisher 1962).
Nutritional and energetic considerations. Breeding waterfowl may 
seek diversity in their diet to meet the nutritional requirements 
associated with follicle development, egg laying and incubation. A diet 
composed of a single high protein food source, e.g., midge larvae, may 
not provide all the nutritional requirements necessary for successful 
breeding. Birds that select a greater diversity of foods increase the 
probability of obtaining a balance of essential nutrients (Sugden 1973, 
Drobney and Fredrickson 1979). Shallow-Carex wetlands contain the 
highest diversity of aquatic invertebrates (Howard 1974, Derksen et al. 
1979a). Breeding oldsquaws collected from Shallow-Carex ponds appeared 
to contain a greater diversity of foods (Table 5) compared to birds 
collected from Nonfish lakes (Table 1) during the same time period. 
Gastropods, which are one of the primary sources of calcium required for 
egg formation in the diets of prairie nesting dabbling ducks (Krapu 
1979), accounted for a small portion of the diet in breeding oldsquaws. 
Oldsquaws, unlike most prairie nesting dabbling ducks, winter primarily 
in coastal marine environments and feed on bivalves and gastropods 
(McGilvrey 1967, Nilsson 1969, Stott and Olson 1973, Vermeer and Levings 
1977); the diet of oldsquaws on Kachemak Bay, Alaska consisted of 
Pacific sandlance (Ammodytes hexapterus), surf clams (Spisula polynyma) 
and blue mussels (Sanger and Jones 1984). Amphipods, clams and snails 
comprised the diet of birds wintering on Lake Michigan (Lagler and
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Wienert 1948, Ellarson 1956, Peterson and Ellarson 1977). The high 
calcium content derived from these foods is probably stored in medullary 
bone and drawn upon for egg production. Scott (1973) indicated that 
calcium stored in medullary bone is sufficient for only 2 to 3 eggs in 
most birds. Average clutch size in oldsquaws is 6. 8 (Allison 1975) and 
thus laying females apparently obtain their remaining calcium needs from 
available food resources (stoneflies, midges) in breeding wetlands. 
During mid-summer, fairy shrimp became an important food for breeding 
oldsquaws collected from Shallow-Carex wetlands (Figure 26). Fairy 
shrimp contain both a high caloric value (Driver 1981) and 7 of 10 
essential amino acids in greater amounts than those found in pintail 
eggs (Serie and Swanson 1976). Protein (percent of dry weight) of fairy 
shrimp (71.9%) is higher than midge larvae (66.4%), oligochaetes 
(60.2%), gastropods (58.9%) (Krapu and Swanson 1975) and cladocerans 
(31.8%) (Sugden 1973).
Avian molt involves costs associated with feather growth and 
thermoregulation due to increased insulation (Payne 1972). The 
energetic cost of molt in birds that lose their flight feathers 
simultaneously (e.g., oldsquaws) may be higher than species which have a 
sequential molt (King 1974). Recent studies of cackling Canada geese 
(Branta canadensis minima; Raveling 1979) and lesser snow geese (Anser 
caerulescens caerulescens; Ankney 1979) suggest that during molt, geese 
can meet their increased energy requirements without a significant loss 
of total body weight. Their results indicate that geese and possibly 
other waterfowl are able to meet their protein requirement for feather 
replacement directly from their diet. Steller's eiders (Polysticta
stelleri) also did not lose weight during molt and apparently 
compensated for higher energetic demands by eating invertebrates with a 
high caloric content (Petersen 1981). Pintail brood hens may also meet 
the high energetic costs associated with feather replacement by eating 
more nutritious foods (Krapu and Swanson 1978). The high proportion of 
invertebrates (70% of esophageal contents) which comprised the diet of 
molting pintail brood hens was markedly greater than the level recorded 
during the post-laying period (29%) (Krapu and Swanson 1978) but similar 
to the laying period when invertebrates formed 77% of the diet (based on 
data presented in Krapu 1974). Invertebrate foods were relatively 
unimportant to molting redheads (Aythya americana); muskgrass (Chara 
spp.) and fennelleaf pondweed (Potamoqeton pectinatus) accounted for 
greater than 50% of the diet (Bailey and Titman 1984). The diet of 
common goldeneyes molting in Hjarbaek Fjord, Denmark, was comprised of 
96% animal matter of which caddisfly larvae accounted for 36% (Jepsen 
1976). Male and female goldeneyes collected during molt were apparently 
in good physical condition as average body weights were only slightly 
below weights recorded during winter. Invertebrate food comprised 
approximately 98% of the diet of molting oldsquaws from Deep-open 
Nonfish and Fish lakes. Crustaceans (Anostraca, Copepoda, Daphnidae) 
accounted for 86% of the diet of oldsquaws from Nonfish lakes while 
midge larvae and fingernail clams formed 95% of the foods eaten by 
oldsquaws from Fish lakes.
The proportions of amino acids in the feather protein, keratin, are 
similar to those in other tissues with the exception of cystine, which 
is important in keratin formation (Payne 1972). Midge larvae appear to
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provide the most complete range of amino acids (see Sugden 1973, Krapu 
and Swanson 1975). Cladocera (Daphnidae?) are deficient in cystine and 
methionine (Sugden 1973), however, anostracans and copepods apparently 
provide the additional nutrients required by molting oldsquaws on 
Nonfish lakes.
Diet preference. Oldsquaws collected from Nonfish lakes in early 
summer fed on midge larvae which were also the predominant food resource 
available. However, oldsquaws preferred the largest two size classes of 
larvae (based on length) and avoided the smallest individuals. Danell 
and Sjoberg (1977) indicated that laying mallard, Eurasian green-winged 
teal and pintail hens fed on final instar midge larvae. Stoneflies 
appeared to have been highly preferred although habitat samples may have 
underestimated true abundance in areas where oldsquaws fed. Because 
birds often fed in both open water areas and along beds of Carex 
aquati1 us in the littoral zone, habitat samples were collected in both 
locations. Oldsquaws often dived in open water, swam directly to shore, 
fed along the edge of emergent macrophytes, returned to open water, and 
resurfaced. Stoneflies were found only along stands of aquatic 
vegetation. If oldsquaws did not feed in the central part of 
Shallow-Carex wetlands, or spent a disproportionate time feeding along 
emergent macrophytes, habitat samples may not have accurately depicted 
availability of stoneflies.
Oldsquaws appeared to prefer anostracans and daphnids during 
mid-summer. However, availability due to increased abundance or 
increased body size of crustaceans was the apparent factor in food 
selection. Although only seven oldsquaws were collected from
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Shallow-Carex wetlands during mid-summer, fairy shrimp comprised 1\% of 
the aggregate percent volume of prey. Because the majority of these 
birds were collected in 1979 and at Icy Cape in 1980, habitat samples 
were not collected. However, increased availability of fairy shrimp 
during mid-summer appeared to play the key role in their selection by 
oldsquaws. Howard (1974) found that the greatest numbers of fairy 
shrimp collected in Ekman and sweep samples from small ponds occurred 
between 6-19 July and 6 July - 8 August, respectively. Stross et al. 
(1980) reported that at Point Barrow, adult fairy shrimp form pairs and 
congregate in large rafts immediately below the water surface between 14 
and 21 July. During this period, fairy shrimp may become more highly 
concentrated in the open or non-vegetated zone due to decreasing water 
levels (Howard 1974). Fairy shrimp became an important food as they 
neared adult length (Taylor unpublished data). Similarly, Krapu (1974) 
found that only adult fairy shrimp were important in the diet of 
breeding pintail hens in North Dakota. In Shal1ow-Arctophi1 a wetlands 
during mid-summer, cladocerans (primarily Daphnidae) appeared to be 
preferred by oldsquaws. Relative to other invertebrate taxa, 
cladocerans comprised a small percentage of the total number and volume 
of available foods. However, the number of cladocerans in sweep samples 
was variable. Taylor et al. (1980) and Stross et al. (1980) reported 
dense swarms of Daphnia spp. often moved in and out of emergent 
macrophytes which greatly increased the variance associated with 
population estimates and availability. Stross et al. (1980) found that 
during mid-summer, populations of Daphnia middendorffiana were 
negatively phototaxic; this behavior could bias population estimates and
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influence availability. Oldsquaws collected from Nonfish lakes during 
mid-summer appeared to prefer cladocerans and fairy shrimp. The largest 
two size classes of midge larvae were also preferred.
Wetland use and diet of juveniles. Food availability, security 
from predation (concealment) and suitable loafing sites are important 
factors influencing movements and distribution of broods (Bengtson 
1971c). Derksen et al. (1981) found 44% of all oldsquaw broods on 
Deep-Arctophila wetlands. These ponds provide escape cover and contain 
the greatest aquatic invertebrate biomass of all wetland classes (Howard
1974). Older broods moved from small, relatively shallow breeding 
wetlands to large lakes (Bengtson 1971c, Pehrsson 1974, Allison 1976, 
Derksen et al. 1981, this study). Cladocerans accounted for 100% of the 
diet of 2 juvenile oldsquaws collected from a Nonfish lake in late 
August. At Lake Myvatn in 1960, cladocerans (primarily Eurvcercus 
lamellatus) comprised 75% of the diet of 15 young oldsquaws (Gardarsson 
1979). Although midge larvae were probably abundant in the benthos 
(based on their importance in the diet of adults), ducklings from Lake 
Myvatn selected cladocerans because of their large size, abundance, and 
availability (Gardarsson 1979). Bengtson (1971a) found cladocerans to 
be the predominant food of newly hatched to half grown ducklings; older 
juveniles fed primarily on midge larvae although cladocerans were also 
taken. Pehrsson (1973) reported that Polyartemia was the major food of 
young oldsquaws in northern Sweden. The diet (percent volume) of 36 
juveniles collected from Canada and Alaska contained primarily 
anostracans (33%), daphnids (8%), mysids (2%), amphipods (2%) and other 
"soft-bodied crustaceans" (31%) (Cottam 1939).
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Foraging ecology. Oldsquaws feeding on Nonfish lakes in early 
summer contained a greater number and biovolume of prey and obtained 
prey with greater efficiency (in terms of prey number and biovolume 
captured per minute) than breeding birds feeding on Shallow-Carex 
wetlands during the same time period. However, esophageal fullness and 
foraging efficiency of breeding oldsquaws may be reduced because of less 
intensive feeding by males. Breeding females fed more intensively 
(dives/minute) and contained a greater amount of food biovolume in the 
esophagus compared to males, however, the difference was not 
significant. Mallard, pintail, shoveler (Kaminski and Prince 1981), 
blue-winged teal (Swanson et al. 1974b, Kaminski and Prince 1981), wood 
duck (Drobney and Fredrickson 1979), and lesser scaup (Dwyer 1974, 
Siegfried 1974) breeding females fed more intensively than their mates; 
males were often more alert and concerned with the defense of a feeding 
site or the female herself. Swanson et al. (1974b) found that breeding 
female blue-winged teal averaged almost 200 more food items (331 vs.
139) and contained nearly twice the mean biovolume of prey as males.
Although benthic and epibenthic prey comprised the entire diet of 
breeding, nonbreeding, subadult and adult oldsquaws during early summer, 
crustaceans were the single most important group in mid and late summer 
in all wetland types except Fish lakes. High caloric (Comita and 
Schindler 1963) and nutritional values (Sugden 1973, Krapu and Swanson
1975) of crustaceans and possibly lower prey capture costs (dabbling vs. 
diving) may explain the dietary shift. Furthermore, oldsquaws consuming 
crustaceans may have lower assimilation costs relative to a diet 
comprised of benthic or epibenthic prey (refer to Swanson and Bartonek
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1970). Esophageal fullness and foraging efficiency values for oldsquaws 
feeding on crustaceans (Nonfish lakes - mid and late summer) were 
markedly lower than oldsquaws feeding on midge larvae and fingernail 
clams (Fish lakes - late summer). Based on these data, it is not clear 
why oldsquaws forage on Nonfish lakes and shift from a midge larvae 
based diet to one dominated by crustaceans. A significantly faster 
digestion rate for crustaceans (Bartonek 1968) may bias results in favor 
of benthic prey. Reduced foraging costs of dabbling may also offset 
differences in esophageal fullness and foraging efficiency between 
oldsquaws collected from Fish and Nonfish lakes.
Of the 103 oldsquaws for which specific feeding behavior was 
recorded, 84% fed by diving. Howard (1974) observed oldsquaws diving 
for food in B3% of 248 observations. During or immediately following a 
midge emergence, oldsquaws switched from diving to surface feeding. 
Sjoberg and Danell (1982) found that common goldeneye, tufted duck, 
mallard, pintail, wigeon (Anas penelope) and Eurasian green-winged teal 
changed from a complete or partial subsurface feeding mode to surface 
feeding in direct response to emergence peaks of midges. This 
behavioral change was especially prominent on warm, windless days when 
large numbers of newly emerged midges were present (Sjoberg and Danell 
1982). The relation between dive length and water depth was reviewed by 
Dewar (1924). Oldsquaw dive length was Found to be positively 
correlated with water depth. Average dives of 15.7 and 25.2 seconds 
were recorded for oldsquaws feeding on water 28 and 61 cm deep, 
respectively. Nilsson (1970) recorded similar mean dive lengths of 15.4 
and 24.2 seconds for oldsquaws at depths of 0-1 and 1-2 m, respectively.
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Dive pause length was not related to dive length in this study. The 
range of water depth (26-61 cm) at which dive lengths were recorded 
would most likely not induce measurable fatigue or exhaustion requiring 
an increased pause between dives. Nilsson (1970) reported that dive 
pause length was found to be directly related to water depth. Oldsquaws 
required the least amount of recovery time (shortest pause length among 
the three species of diving ducks examined) (Nilsson 1970). The mean 
dive/pause ratio, 4.6 (n=28), was similar to values reported in Dow 
(1964), of 4.1, Gordon (1920), 4.2 (calculated from data), and was 
slightly greater than the value of 3.4 reported by Nilsson (1970).
Conclusion
Habitat selection and food habits of oldsquaws from the West Long 
Lake study area are representative of the Arctic Coastal Plain with the 
exception of the foothills region near the Brooks Range. Most of the 
the oldsquaws and all of the invertebrate habitat samples were collected 
in 1980, a year in which spring thaw occurred approximately two weeks 
later than in 1979 and previous years. Although invertebrate growth and 
emergence periods may have been delayed, general patterns of oldsauaw 
food selection and preference would probably be similar to other years.
Oldsquaws prefer a variety of wetland habitats based on 
availability, food resources, and requirements of breeding, brood 
rearing and molting (Derksen et al. 1981). The range of habitats 
selected explains in part the diversity of foods in the diet.
Plasticity in foraging behavior allows utilization of temporary though 
highly abundant and available food resources (e.g., midge adults,
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anostracans).
Results of this research generally support previous studies which 
describe oldsquaws as being opportunistic feeders i.e., the diet is 
composed of those foods which are the most abundant and/or available 
(Bengtson 1971a, Bagge et al. 1973, Stott and Olson 1973, Peterson and 
Ellarson 1977, Rofritz 1977, Johnson 1984). Significant food 
preferences were, however, exhibited by breeding and molting birds, 
apparently in response to energetic and nutritional demands; oldsquaws 
also preferred the largest-sized zooplankton (Taylor unpublished data) 
and midge larvae.
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Appendix Figure 1. Subsample test results (sample PVC #2 6-80) for determination of mean zooplankton 
size from habitat and least cisco stomach samples. The cummulative percent of total for each taxa and 
size class are presented based on the number of subsamples or quadrats (solid lines) and number of ^  
individuals measured (dashed lines). ^
Appendix Figure 2. Subsample test results (sample PVC #1 6-80) for determination of mean zooplankton 
size from habitat and least cisco stomach samples. The cummulative percent of total for each taxa and 
size class are presented based on the number of subsamples or quadrats (solid lines) and number of £
individuals measured (dashed lines).
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Appendix Table 1. Accuracy and precision test results of the syringe 
volumetric device (5 ml capacity) developed by Myers and Peterka (1974). 
Standard deviation and standard error of the mean are represented by 
S and S - , respectively. Differences between readings are volume 
estimates of the test object(s).
Test
Number
Reading
#1
Reading
#2
Difference
#1 - #2
Discussion
1 2.36 1.72 0.64 object: glass rod
2 2.35 1.71 0.64 dimensions: length: 12.47 mm
3 2.18 1.54 0.64 diameter: 8.077 mm
4 2.65 2 . 0 1 0.64 *3
5 2 . 1 1 1.47 0.64 volume: 0.639 cm
6 2.46 1.83 0.63
7 1.74 1 . 1 0 0.64 results: x = 0.64 ml
8 2.26 1.61 0.65 S = 0.005
9 1.90 1.26 0.64 S- = 0.002
10 2.61 1.97 0.64 X
1 2.63 2.28 0.35 object: glass rod
2 2.31 1.96 0.35 dimensions: length: 12.42 mm
3 2 . 2 1 1 . 8 6 0.35 diameter:: 5.99 mm
4 3.05 2.69 0.36 *3
5 2.37 2 . 02 0.35 volume:: 0.35 cm
6 2.70 2.36 0.34
7 1.43 1.09 0.34 results: x = 0.346 ml
8 2.17 1.83 0.34 S = 0.008
9 2.28 1.95 0.33 S- = 0.003
10 1.42 1.07 0.35 X
1 2.77 2.37 0.40 object: 50 - #9 lead shot
2 2.65 2.26 0.39
3 2.59 2.19 0.40
4 2.81 2.44 0.37
5 2.79 2.35 0.44
6 2.86 2.45 0.41 results: x = 0.41 ml
7 2.70 2.26 0.44 S = 0.024
8 2.68 2.25 0.43 S- = 0.008
9 2.75 2.32 0.43
X
10 2.47 2.08 0.39
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Appendix Table 2. Accuracy and precision test results of the syringe 
volumetric device (10 ml capacity) developed by Myers and Peterka 
(1974). Standard deviation and standard error of the mean are 
represented by S and S-, respectively. Differences between readings are 
volume estimates of thi test object(s).
Test Reading Readinq Difference Discussion
Number #1 #2 #1 - #2
1 6.92 5.60 1.32
2 7.00 5.68 1.32
3 7.03 5.70 1.33
4 7.03 5.72 1.31
5 7.24 5.93 1.31
6 7.80 6.48 1.32
7 7.10 5.80 1.30
8 7.18 5.84 1.34
9 7.08 5.78 1.30
10 7.22 5.90 1.32
object: glass rod
dimensions: length: 25.65 mm
diameter: 8.00 mm
volume: 1.289 cm^
results: x = 1.317 ml
S = 0.0125
S- = 0.004 x
1 6.84 6 . 1 1 0.73
2 7.06 6.36 0.70
3 7.42 6.71 0.71
4 6.85 6.15 0.70
5 7.10 6.40 0.70
6 7.08 6.36 0.72
7 6.70 5.99 0.71
8 6.90 6.19 0.71
9 7.16 6.44 0.72
10 7.44 6.72 0.72
object: glass rod
dimensions: length: 25.70 mm
diameter: 5.89 mm
volume: 0.700 cm^
results: x = 0.712 ml
S = 0.010 
S- = 0.003
X
1 6.91 6.51 0.40
2 7.34 6.94 0.40
3 7.74 7.35 0.39
4 7.44 7.02 0.42
5 6.60 6 . 2 1 0.39
6 6.00 5.58 0.42
7 6.76 6.36 0.40
8 6.56 6.16 0.40
9 7.46 7.04 0.42
10 6.94 6.51 0.43
object: 50 - #9 lead shot
results: x
S
S-x
0..407 ml
0.014
0.0045
Appendix Table 3. Population estimates with 95% confidence limits and 
statistical analysis of copepods from least cisco stomach contents; 
refer to Elliot (1977:135) for a complete explanation of the 
subsampling technique.
Least cisco: WH-02-80
_  o
Subsample Copepoda Cladocera Volume (x - x)
Number (ml)
1 34 0 100 (6.4)? - 40.96
2 26 1 99 (1.6); = 2.56
3 28 0 98 (0.4); = 0.16
4 19 0 97 (8.6)? = 73.96
5 31 2 96 (3.4) - 11.56
Total 129.20
Mean 27.6 9
2 9 s
Statistics: s = 32.3 X =----------
x
n - 2760 + 140 copepods
= 4.7
Least cisco: WH-06-80
—  2Subsample Copepoda Cladocera Volume (x - x) ‘
Number (ml)
1 103 2 100 (1.8)? = 3.24
2 110 3 99 (8.8), = 77.44
3 98 3 98 (3.2)? = 10.24
4 99 0 97 (2.2)? = 4.84
5 96 2 96 (5.2) = 27.04
Total 122.80
Mean 101.2 ^
^  2 , „2 s (n' 1) n = 10120Statistics: s * 30.7 X =---- -----
x
n = 10120 + 500 copepods
= 1 . 2 1
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Appendix Table 3. (Continued)
Least cisco: WH-71-80
Subsample Copepoda 
Number
Cladocera Volume 
(ml)
( X  - X ) 2
1 59 1 100 (9.2)? = 84.64
2 62 1 99 (6.2), = 38.44
3 73 2 98 (4.8); = 23.04
4 79 0 97 (10.8); = 116.64 
(0.2) = 0.045 68 0 96
Total
Mean
2
Statistics: s 
n = 6820 + 340
68.2 
= 65.7 
copepods
? s2 (n-1 )
x -
X
= 4.7
262.80
Least cisco: WH-77-80
Subsample Copepoda 
Number
Cladocera Volume 
(ml)
Ci - x ) 2
1 80 2 100 (1.9)? = 3.61
2 76 2 95 (5.9); = 34.81
3 81 6 90 (0.9); = 0.81
4 99 3 85 (17.1)? = 292.41
5 78 8 80 (3.9)? = 15.21
6 100 5 75 (18.1); = 372.61 
(18.9); = 357.21 
(3.9) = 15.21
7 63 2 70
8 78 3 65
Total
Mean
2
Statistics: s
n = 1638 + 82.5
81.9
= 149.55 
copepods
2X = —
(n-1 )
X
1046.88
= 1 2 . 8
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Appendix Table 3. (Continued)
Least cisco: WH-138-80
  o
Subsample Copepoda Cladocera Volume (x - x ) '
Number (ml)
1 188 0 500 (2.6)? = 6.76
2 186 0 495 (4.6)1 = 21.16
3 198 0 490 (7.4)1 = 54.76
4 210 0 485 (19.4)1 = 376.36
5 480 0 480 (19.6) = 384.16
Total 843.20
Mean 190.6 9
p ? s (n-1 )
Statistics: s = 210.8 X = ---------
x
n = 23825 + 1200 copepods
= 4.42
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Appendix Table 4. Zooplankton size subsampling test methods, analysis 
and results.
For each of the two test samples (PVC#2 6-80, PVC#1 6-80), 10 subsamples 
were taken and all copepods were identified to suborder, measured with 
an occular micrometer, and grouped into size classes. Prior to 
subsampling, all individuals within the sample were identified and 
measured. The designated sample size of 100 individuals was reached in 
subsample (test) #4 for both samples (actual values for PVC#2 6-80 
and PVC#1 6-80 were 108 and 115, respectively). Appendix Figure 1 plots 
the proportion of each taxa and size class from subsample (quadrat) 1 
through 10 based on the number of quadrats and total number of 
individuals measured. Variability drops off between quadrat number 4 
and 5 or near 100 individuals measured for all taxa and size ranges in 
both samples. Because of the degree of accuracy obtained in the test 
results and the greater proportion of individuals actually measured 
(138 and 120 vs 100 individuals per sample), this subsampling technique 
was adequate to describe mean zooplankton size.
Sample Number: PVC #2 6-80
Test Taxa / size (mm) Total
NO.
Harpacticoid 
0.3-0.4 0 . 2
Cyclopoid 
0.4-0.5 0.6-0.7
1 0 0 2 1 1 22
2 0 2 32 4 38
3 0 1 3 6 10
4 0 0 35 3 38
5 0 0 5 2 7
6 0 0 18 5 23
7 0 0 23 3 26
8 0 0 13 1 14
9 0 0 20 2 22
10 0 0 12 1 13
Estimated x % 
Actual x %
3% 84% 13%
3% 86% 11%
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Appendix Table
Sample Number:
Estimated x % 
Actual x %
4. (Continued)
PVC #1 6-80
Test Taxa / size (mm) Total
No. -----------------------------------------
Harpacticoid Cyclopoid
0.3-0.4 0 . 2 0.3-0.4 0 .6-0 .7
1 2 0 4 16 22
2 2 0 4 16 22
3 7 0 ? 29 38
4 2 0 7 24 33
5 4 0 6 13 23
6 2 1 6 24 33
7 2 0 5 21 28
8 3 0 6 1 1 20
9 0k- 0 5 7 14
10 2 0 1 5 8
11% TR 15% 74%
11% 2% 22% 65%
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Appendix Table 5. Summary of oldsquaw collection data from the West 
Long Lake study area (1979, 1980) and from Icy Cape (1980). Wetland 
classification follows that of Bergman et al. (1977); for further 
information refer to the study area section. Oldsquaw weight is 
expressed in grams.
COLLECTION COLLECTION WETLAND COLLECTION SEX WEIGHT
DATE TIME CLASS NUMBER
9 June 1979 1 1 00 3 0379 Male -
11 June 1980 0710 2 0280 Mai e 785
11 June 1980 1815 2 0380 Female 765
11 June 1980 1830 2 0480 Male 795
13 June 1980 1400 4 0680 Female 735
14 June 1980 1430 ? 1180 Female 805
14 June 1980 1615 2 1280 Male 725
14 June 1980 1615 2 1380 Female 680
16 June 1979 1845 4 0579 Female 760
16 June 1979 1845 4 0679 Male 720
17 June 1980 1530 5-Molt 168D Male 850
17 June 1980 1530 5-Molt 1780 Mai e 760
17 June 1980 1630 5-Molt 1880 Female 650
17 June 1980 1630 5-Molt 1980 Male 830
18 June 1980 1630 5-Molt 2080 Female 725
18 June 1980 1730 5-Molt 2180 Male 835
18 June 1980 1830 5-Molt 2280 Male 760
18 June 1980 1930 5-Molt 2380 Female 692
19 June 1979 1845 4 0779 Female -
23 June 1980 1400 2 3080 Male 695
23 June 1980 1910 2 3180 Male 735
23 June 1980 1910 2 3280 Female 730
26 June 1980 1 1 2 0 2 3380 Male 675
26 June 1980 1715 3 3480 Female 670
27 June 1980 1845 5-Molt 3580 Male 740
27 June 1980 1845 5-Molt 3680 Female 655
29 June 1980 1530 2 3780 Female 560
30 June 1980 1500 5-Molt 3880 Mai e 720
3 Julv 1979 0930 2 0879 Female 770
3 July 1979 1630 3 0979 Male -
3 July 1980 1515 5-Drop 3980 Male 730
3 July 1980 1630 5-Drop 4080 Male 725
3 July 1980 1730 2 4180 Female 565
3 July 1980 1900 5-Drop 4280 Female 570
4 July 1980 1745 5-Drop 4380 Male 960
6 July 1980 1835 5-Drop 4680 Male 795
6 Julv 1980 1840 5-Drop 4780 Male 800
6 July 1980 2 1 1 0 2 488D Female 600
7 July 198D 1900 5-Drop 4980 Male 750
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Appendix Table 5. (Continued)
COLLECTION COLLECTION WETLAND COLLECTION SEX WEIGHT
DATE TIME CLASS NUMBER
8 July 980 2100 IC10 Male 790
8 July 980 1910 5 IC11 Male 790
8 July 9B0 1620 5 IC 12 Male 760
8 July 980 1830 5 IC13 Female 660
9 July 980 1850 2 I Cl 5 Female 680
9 July 980 1850 2 I Cl 6 Male 790
10 July 980 1300 3 5080 Female 650
10 July 980 1730 5-Molt 5180 Mai e 805
10 July 980 1900 5-Mo1t 5280 Male 800
10 July 980 2000 5-Mo1t 5380 Male 860
10 July 980 2045 2 I Cl 7 Female 780
10 July 980 2045 2 IC18 Male 760
1 1 July 980 1920 3 5480 Male 760
1 1 July 980 1920 3 5580 Male 820
13 July 980 0800 2 5680 Male 790
15 July 980 2120 3 5780 Female 640
15 July 980 2215 3 5880 Female 690
15 July 980 2215 3 5980 Female 690
15 July 980 2215 3 6080 Female 675
18 July 979 2200 3 1079 Female 625
18 July 979 2200 3 1179 Female 640
18 July 980 1400 5-Drop 6780 Mai e 780
18 July 980 1400 5-Drop 6880 Mai e 755
19 July 980 1400 5-Drop 6980 Male 810
19 July 980 1445 5-Drop 7080 Female 700
20 July 980 1004 5-Drop 7180 Male 740
20 July 980 1340 5-Drop 7280 Male 860
20 July 980 1340 5-Drop 7380 Female 640
20 July 980 1515 5-Drop 7480 Male 805
20 July 980 1515 5-Drop 7580 Female 615
22 July 980 1930 2 I Cl 9 Female 670
22 July 980 1930 2 IC20 Female 670
22 July 980 1930 2 IC21 Female 650
23 July 980 1315 5-Mo1t 7680 Male 815
23 July 980 1825 5-Mo1t 7780 Male 860
23 July 980 1925 5-WLL 7880 Female 680
24 July 980 1150 5-WLL 7980 Mai e 955
26 July 980 0920 5-WLL 8080 Mai e 825
26 July 980 1625 5-Molt 8180 Male 960
27 July 980 1815 5-Caribou 8280 Male 805
29 July 980 1330 3 8380 Female 690
29 July 980 1330 3 8480 Female 625
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Appendix Table 5. (Continued)
COLLECTION COLLECTION WETLAND COLLECTION SEX WEIGHT
DATE TIME CLASS NUMBER
30 July 1980 1510 3 8580 Female 600
30 July 1980 1510 3 8680 Female 685
30 July 1980 1725 5-Caribou 8780 Female 675
31 July 1980 1310 5-Caribou 8880 Mai e 800
31 July 1980 13 ID 5-Caribou 8980 Male 800
31 July 1980 1310 5-Caribou 9080 Male 81D
31 July 1980 1310 5-Caribou 9180 Mai e 795
1 August 1980 1430 5-Caribou 928D Male 8D5
1 August 1980 1430 5-Caribou 9380 Mai e 835
2 August 1980 1135 5-Caribou 9480 Mai e 715
2 August 1980 1725 5-Caribou 9580 Male 735
2 August 1980 1900 5-Caribou 9680 Female 740
5 August 1980 1830 5-GLH 10480 Male 680
6 August 1980 1 2 1 D 5-GLH 10580 Male 670
6 August 1980 1345 5-GLH 10680 Male 625
8 August 1979 1200 5-GL 3379 Female 790
8 August 1979 1200 5-GL 3479 Female 710
8 August 1979 1315 5-GL 3579 Mai e 900
9 August 1980 2145 5-GLH 10780 Male 865
9 August 1980 2145 5-GLH 10880 Mai e 680
9 August 1980 2145 5-GLH 1098D Female 760
9 August 1980 2330 5-WLL 11080 Male 630
13 August 1980 1545 5-GLH 11180 Male 855
13 August 1980 1545 5-GLH 11280 Male 710
14 August 1980 1050 5-GLH 11380 Male 750
14 August 1980 1340 5-GLH 11480 Mai e 705
16 August 1980 1810 5-GLH 11580 Male 840
16 August 1980 1810 5-GLH 11680 Male 720
19 August 1980 1910 5-GL 11780 Female 775
23 August 1980 1450 5-Mo1t 11880 Male 760
23 August 1980 1450 5-Molt 11980 Mai e 730
23 August 1980 1850 5-Molt 12080 Mai e 700
24 August 1980 1630 5-WLL 12180 Male 750
24 August 1980 1830 5-WLL 12280 Male 775
24 August 1980 1830 5-WLL 12380 Male 625
28 August 1980 1410 5-Molt 12480 - 270
28 August 1980 1410 5-Molt 12580 - 320
30 August 198D 1 100 2 12680 Male 635
30 August 1980 1500 5-Molt 12780 Male 625
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Appendix Table 5. (Continued)
COLLECTION COLLECTION WETLAND COLLECTION SEX WEIGH!
DATE TIME CLASS NUMBER
1 September 1980 1200 5-Caribou 12880 Female 555
1 September 1980 1200 5-Caribou 12980 Male 615
1 September 1980 1245 5-Caribou 13080 Female 450
1 September 1980 1425 2 13180 Female 610
1 September 1980 1425 2 13280 Female 615
1 September 1980 1845 5-Drop 13380 Male 635
1 September 1980 1845 5-Drop 13480 Male 650
2 September 1980 1415 5-Drop 13580 Male 600
4 September 1980 1320 5-GLH 13680 Female 665
4 September 1980 1510 3-GLN 13780 Female 740
5 September 1980 1350 3-GLN 13880 Male 805
5 September 1980 1500 3-GLN 13980 Female 700
5 September 1980 1730 3-GLN 14080 Male 710
6 September 1980 1730 3-GLN 14180 Mai e 625
6 September 1980 1730 3-GLN 14280 Female 715
8 September 1980 1640 3-GLN 14380 Female 600
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Appendix Table 6 . Numbers, percent total number, aggregate (total) 
volume, aggregate percent volume, and percent occurrence of esophageal 
food contents of male and female oldsquaws (n=3) collected from a Deep-open 
Fish lake (West Long Lake), 23-26 July, 1980. TR = <0.1%
Food Item Number Percent Agaregate Aggregate Percent
of Total (Total) Percent Occurrence
Items Number Volume Volume
INSECTA
Diptera
Chironomidae
larvae 1 TR TR TR 33.3
pupae 46 0.9 1 . 6 1 . 0 66.7
exuviae - - 11.4 7.5 66.7
adul t 5175 99.1 87.0 91.5 1 00 . 0
MISCELLANEOUS
Nemat.oda - TR TR TR 1 00 . 0
Seeds - TR TR TR 33.3
Plant parts - TR TR TR 66.7
TOTALS 5222 1 00 . 0 1 00.0 100.0
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Appendix Table 7. Numbers, percent total number, aggregate (total) 
volume, aggregate percent volume, and percent occurrence of esophageal 
food contents of male and female oldsquaws (n=3) collected from a 
Shallow-Arctophila wetland (Goose Lake Neck) in late summer 
(4-5 September 1980).
Food Item Number
of
Items
Percent
Total
Number
Aggregate
(total) 
Volume
Aggregate
Percent
Volume
Percent
Occurrence
INSECTA
Diptera
Chironomidae
larvae 97 90.6 54.4 60.0 1 00 . 0
Trichoptera 
Limnephi1idae 
larvae 10 9.4 21.3 10.9 33.3
MISCELLANEOUS 
01 igochaeta - - 24.3 29.1 1 00 . 0
TOTALS 107 1 00 . 0 1 00 . 0 1 00 . 0
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Appendix Table 8 . Numbers, percent total number, aggregate (total) 
volume, aggregate percent volume, and percent occurrence of esophageal 
food contents of male and female oldsquaws (n=4) collected from 
Deep-Arctophila wetlands in early summer (13-19 dune 1979 and 1980).
TR = <0.1%
Food Item Number
of
Items
Percent
Total
Number
Aggregate 
(Total) 
Volume
Aggregate
Percent
Volume
Percent
Occurrence
INSECTA 
Di ptera
Chironomidae
larvae 352 83.0 84.7 87.1 1 00 . 0
Trichoptera 
Limnephilidae 
1 arvae 8 1.9 4.4 1.5 25.0
PIecoptera 
Nemouridae 
larvae 43 1 0 . 1 5.6 2 . 0 50.0
ARACHNOIDEA 
Acarina 13 3.1 0.4 1 . 1 25.D
MISCELLANEOUS 
01 igochaeta TR TR 25.0
Gastropoda 8 1.9 3.9 5.6 50.0
Cestoda - - TR TR 25.0
Seeds - - TR TR 50.0
Plant parts - - 1 . 0 2.7 75.0
TOTALS 424 1 00 . 0 1 00 . 0 1 0 0 .D
Appendix Table 9. Average depth (cm) of unfrozen benthic sediments at oldsquaw feeding sites from 
Shallow-Carex and Shallow-Arctophila wetlands and a Deep-open Nonfish lake (Molt Lake), 
n = sample size, L = low value, H = high value.
i— ' N> 
t-n
Date Shallow-•Carex Shallow-Arctophila Deep-open Nonfish lake
n X L H n x L H n X L H
11 June 3 F1
15 June 6 F
19 June 12 3.3 1.0 6.0
24 June 7 13.2 1 1 . 0 14.5
28 June 4 18.0 15.0 21.5 3 18.8 18.0 20.5
29 June 3 15.8 15.0 16.5
30 June 3 20.3 19.0 22.0
1 July 3 19.5 18.5 20.0
6 July 6 25.3 22.0 27.0
12 July 5 22.9 13.5 33.0
13 July 3 25.0 22.0 27.0
17 July 6 20.8 18.0 25.5
30 July 3 28.7 28.0 30.0
 ^ = frozen
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Appendix Table 10. Lead shot occurrence in oldsquaws collected from the West 
Long Lake study area, 1980. TR = trace (<0.01 ml)
Collection
Number
Date Wetland 
Class
Lead
#
Shot 
Volume
3780 29 June 1980 2 2 0.02
3880 30 June 1980 5-Molt 2 TR
4780 6 Julv 1980 5-Drop 1 TR
6780 18 July 1980 5-Drop 6 0.06
6980 19 July 1980 5-Drop 8 0.09
7280 20 July 1980 5-Drop 2 TR
10680 6 August 1980 5-GLH 1 1 0.07
11580 16 August 1980 5-GLH 5 0.03
12080 23 August 1980 5-Molt 4 0.02
12680 30 August 1980 2 7 0.04
13180 1 September 1980 2 1 0 . 0 1
13380 1 September 1980 5-Drop 1 TR
13780 4 September 1980 3-GLN 1 TR
14280 6 September 1980 3-GLN 5 0.03
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Appendix Table 11. Dive length, dive pause and dlve/pause ratio data for oldsquaw ducks collected from all wetland 
classes sumner, 1980. Mean, range, standard error and sample size. NC * not collected. M  = male, F = female.
Class 11 Shallow-Carex
Dive Length Dive Pause
Collection Sample Minimum Maximum Mean * S.E. Sample Minimum Maximum Mean i S.E. Dive/pause
No. - Sex Size Size ratio
11-80 F 18 9 15 12.3 - 0.4
13-80 F 45 11 29 19.6 ± 0.8
3D-80 M  29 4 27 2D.D t 1.1 28 3 13 6.6 - 0.5 3.D
32-80 F 35 6 28 18.7 - D.9 35 1 9 4.2 i D.4 4.5
NC 26 4 9 6.4 * D.3 25 2 18 5.7 t 0.8 1.1
33-80 M  44 4 19 13.3 i D.6 44 4 20 6.3 i D.5 2.1
37-80 F 69 7 17 12.8 t 0.2 66 3 15 7.8 i D.4 1.6
NC 78 4 22 14.D t D.4 78 D.5 5 1.5 * 0.2 9.3
56-80 M  60 9 24 16.9 i D.8 59 2 26 5.8 * 0.5 2.9
126-80 M  13 16 32 23.7 - D.9 11 4 23 12.0 ± 1.8 2.D
n«lD
AOCD n=8 6.2 i 1.1 3.3 : D.9
Class 111 Shallow-Arctophila
34-80 F 25 ID 29 23.4 * 0.8 23 2 9 4.5 .* D.3 5.2
50-80 F 51 15 27 21.7 * 0.5 48 1 14 5.4 ± D.5 4.0
57-80 F 21 14 28 2D.9 t 0.8 23 D.5 9 2.4 ± D.4 8.7
n-3 22.0 t 1.3 4.1 * 0.9 6.0 i 1.4
Class IV Deep-Arctophila
NC 3D 23 36 30.3 - 0.7 26 2 26 13.0 : 1.0 2.3
NC 9 8 18 13.2 ; 0.9 8 6 •5 9.6 = 1.3 1.4
Class V Deep-open lake (Molt)
NC 28 8 24 18.6 - 1.0 27 3 19 5.7 r 0.6 3.3
NC 9 11 34 27.0 : 3.2 10 3 11 6.6 t 0.8 4.1
18-8D F 20 4 26 19.2 ± 1.3 20 3 15 6.9 - 0.9 2.8
NC 14 8 30 22.1 i 1.9 13 2 5 3.6 = 0.2 6.1
NC 124 7 22 16.9 i 0.4 116 1 27 4.8 t D.3 3.5
36-80 F 24 21 32 27.3 t 0.6 25 3 13 6.1 : 0.5 4.5
NC 11 12 35 21.0 * 1.9 11 2 10 4.3 - D.8 4.9
NC 11 26 33 29.5 ; 0.7 11 3 6 3.7 t 0.3 8.0
NC 11 27 33 31.1 * 0.6 11 3 10 5.6 : 0.6 5.6
53-80 M 11 18 30 22.0 i 1.0 6 2 4 2.8 r 0.3 7.9
n-10 23.5 : 1. n-10 5.0 - 0.4 5.1 - 0.6
Class V Deep-open lake (Orop)
NC 24 21 32 26.5 - D.6 24 1 8 3.1 i 0.3 8.5
40-80 M 22 22 47 22.1 : 0.5 47 1 15 4.6 - 0.4 4.8
NC 14 19 31 25.8 - 1.1 15 1 6 4.3 r 0.3 6.0
NC 25 14 32 26.2 : D.9 27 2 8 3.6 ; 0.3 7.3
n*4 25.2 - 1.0 n*4 3.9 ; 0.3 6.7 ♦ 0.8
Class V Oeep-open lake (Caribou)
NC 8 18 34 29.D ± 1.7 7 6 14 8.7 ± 1.2 3.3
T O T A L : ALL WETLAND CLASSES
n»3D 20.7 * 1.2 n=28 5.7 * 0.5 4.6 * 0.5
Col lection 
Number Oate
Wetland
Class OFT
Anostraca 
# Biov.
Chironomid 
adults 
H Biov.
Chironomid
pupae
Biov. exuvi ae
Daphnidae 
# Biov.
Total
#
Esoph.t %
Total
Biov.
Esoph. 
Bi ov. %
41-80 7/03/80 SC 15 876 1.68 876 885 98.98 1.68 1.75 96.00
48-80 7/06/80 SC 20 1435 3.85 1435 1451 98.90 3.85 3.93 97.96
78-80 7/23/80 WLL 10 2318 2.62 46 0.09 0.39 2363 2364 99.96 3.10 3.10 100.00
79-80 7/24/80 WLL 10 2811 2.31 0.26 2811 2811 100.00 2.57 2.57 100.00
80-80 7/26/80 WLL 20 46 0.03 1 OT 47 47 100.00 0.03 0.03 100.00
82-80 7/27/80 C 45 1168 5.60 1168 116B 100.00 5.60 5.60 100.00
87-80 7/30/80 C 32 10 OT 117 0.08 127 12B 99.22 0.08 0.08 100.00
95-80 8/02/80 C 30 86 0.19 101 0.09 187 189 98.94 0.28 0.28 100.00
96-80 8/02/80 C 27 165 0.33 587 0.59 752 752 100.00 0.92 0.92 100.00
127-80 8/30/80 M 25 32 0.01 32 32 100.00 0.01 0.01 100.00
Appendix Table 12. Oiet of oldsquaws observed dabbling. OFT = observed feeding (dabbling) time.
Wetland class: SC = Shallow-Carex, WLL = Oeep-open Fish lake (West Long Lake), C and M =• Deep-open Nonfish lakes (Caribou and Molt Lakes).
i— *
ro
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Appendix Table 13. Chironomid larvae found in oldsquaws collected from freshwater wetlands at West Long Lake 
(1979,1980) and Icy Cape (1980). Deep-open Fish lakes: GLH = Goose Lake Head, WLL = West Long Lake,
GL = Goose Lake. Shal1ow-Arctophila (fish) = Goose Lake Neck.
ro
Deep-open
Molt
Nonfish lakes 
Drop
Deep-open
GLH
Fish
WLL
lakes
GL
Shal1ow- 
Carex
Shal1ow- 
Arctophila
Deep-
Arctophila
Shallow- 
Arctophila 
(fish)
Chironominae
Chironomini X X X X X X X X
Tanytarsini X X X X X
Orthocladinae X X X X X X X X X
Diamesinae X X
Tanypodinae X X X X X X
Wetland-
Season
CHIRONOMIDAE
<5mm
LARVAE CHIRONOMIDAE 
>5mm <
LARVAE
10mm
CHIRONOMIDAE LARVAE 
510mm
Oldsquaw 
No. %
Habitat 
No. %
01dsquaw 
No. %
Habitat
No %
Oldsquaw 
No. %
Habitat 
No. %
Nonfish Lakes- 
Early Summer
133 2.4% 3549 80.9% 2097 37.8% 315 7.2% 3324 59.8% 522 11.9%
Nonfish Lakes- 
Mid-Summer
51 5.2% 1949 92.6% 506 46.3% 97 4.6% 530 48.5% 60 2.8%
Fish Lakes- 
Late Summer
4718 99.7% 172 78.2% 4 TR 18 8.2% 12 0.3% 30 13.6%
Shallow-Carex 
Early Summer
10 11.2% 1500 93.6% 66 74.2% 89 5.5% 13 14.6% 14 0.9%
Shallow-Arctophila
Mid-summer
28 18.1% 525 91.0% 72 46.4% 36 6.2% 55 35.5% 16 2.8%
Appendix Table 14. Number and percent total number of three Chironomidae larvae size classes from oldsquaw esophagi 
and habitat samples. TR = <0.1%
i— *
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